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Shuttle  Potential  and  Return  Electron 
Experiment  (SPREE)  Electrostatic  Analyzer 

(ESA)  Calibration  Report 


1.  INTRODUCTION 

The  Shuttle  Potential  and  Return  Electron  Experiment  (SPREE)  was  developed  as  a  key 
component  of  the  Orbiter  payload  bay  experiments  studying  the  electrodynamics  of  the 
Tethered  Satellite  System  Mission  1  (TSS-1).  The  primary  goal  of  the  SPREE  was  to  monitor 
the  suprathermal  electrons  and  ions  (energies  between  10  eV  and  10  keV)  in  the  vicinity  of  the 
Orbiter  during  all  phases  of  the  Tethered  Satellite  System  Mission  1  (TSS-1)  mission.  The  other 
goals  of  SPREE  were:  1)  to  measure  the  level  of  positive  and  negative  charging  of  the  Orbiter 
ground  with  respect  to  the  space  plasma,  2)  to  not  only  measure  the  ambient  electron  and  ion 
populations  present  in  the  SPREE  energy  range  but  also  to  determine  the  perturbations  to 
those  populations  produced  by  the  operation  of  the  tether  and  of  the  Orblter-mounted  electron 
beams,  and  3)  to  determine  the  ion  and  electron  wave-particle  interactions  (WPI)  occurring  as 
a  result  of  Tethered  Satellite  System  Mission  1  (TSS-1)  operations. 

The  SPREE  instrumentation  to  accomplish  these  goals  consisted  of  seven  flight  boxes 
and  their  associated  cabling.  These  Included  two  multi-angular  electrostatic  anatyzer  units 
(E^SAs),  each  mounted  on  a  rotary  table  (RTMD),  a  multiple  microprocessor-based  Data 
Processing  Unit  (DPU),  a  particle  correlator  experiment  (SPACE)  housed  within  the  DPU,  and 
two  Flight  Data  Recorder  units  (FDRs).  This  instrumentation  suite  was  installed  on  the  SPREE 
Mounting  Bracket  (SMB),  located  on  the  port  side  of  the  Mission  Peculiar  Ekjuipment  Support 
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structure  In  the  Orblter  payload  bay.  The  SPREE  shared  the  Mission  Peculiar  Equipment 
Support  Structure  with  the  Shuttle  Electrod5mamic  Tether  System  and  the  Deployer  Core 
Equipment. 

The  SPREE  E^SAs  were  designed  to  make  simultaneous  multi-angular,  multi-species 
measurements.  Their  design  was  based  upon  E^As  flown  on  the  AMPTE,  GIOTTO,  and  CRRES 
missions  Each  E^SA  unit  houses  two  trlquadraspherical  electrostatic  analyzers  Avlth 
mlcrochannel  plate  (MCP)  detectors  and  an  anode  particle  detection  assembly.'*’®  An  anafyzer 
to  measure  electrons  is  nested  within  the  analyzer  to  measure  ions.  The  combination  of  the 
two  E^SA  units  moimted  on  motor  driven  tables  is  the  first  flight  of  instrumentation  in  low 
earth  orbit  with  the  capability  to  fully  measure  particle  distributions  in  the  energy  range 
appropriate  to  the  active  experiments  onboard  the  spacecraft.  A  90  percent  transmission 
ground  screen  and  its  holder  mounted  on  the  EJSA  housing  provide  an  equlpotential  contour 
near  the  aperture  that  is  approximatefy  parallel  to  the  aperture. 

1.1  Electrostatic  Analyzer  Units 

The  ESA  units  are  core  elements  of  the  SPREE  hardware.  In  each  nested  analyzer,  an 
outer  pair  of  260°  spherical  plates  Isused  to  measure  ions  and  an  inner  pair  to  measure 
electrons.  One  end  of  the  analyzer  is  closed  except  for  a  set  of  entrance  apertures,  while  the 
other  end  is  attached  to  the  particle  detection  assembly.  Each  set  of  plates  consists  of  two 
electron-optical  elements:  a  hemispherical  anafyzer  that  selects  particles  in  a  narrow  energy 
band  set  by  the  potential  applied  between  the  two  plates,  followed  by  an  80°  spherical  section 
that  acts  principally  to  disperse  the  particles  tn  position  along  the  surface  of  the  MCP 
according  to  their  input  angle  at  the  entrance  aperture.  Both  elements  have  the  same  plate 
separation  and  the  same  potential  is  applied  to  each  of  the  elements.  Energy  analysis  and 
angular  dispersion  can  be  achieved  with  a  single  80°  pair  of  spherical  plates,  but  such 
analyzers  have  their  angular  and  energy  responses  smeared  together,  that  is,  for  an  anafyzer 
configured  to  measure  particles  tn  a  given  energy  passband,  the  passband  detected  varies  with 
the  particle’s  incident  angle  at  the  entrance  aperture.  The  use  of  the  hemispherical  anafyzer  to 
perform  energy  analysis  produces  a  detector  response  where  the  energy  range  measured  is 
relatively  Independent  of  the  incident  angle.  This  in  turn  provides  a  more  accurate  determina¬ 
tion  of  the  particle  flux.  The  analyzer  is  designed  so  that  particles  are  detected  over  an  angular 


’Hardy,  D.A.,  et  al.,  The  Low  Energy  Plasma  Anafyzer,  accepted  for  publication  in  the  IEEE  Drans.  on  Nuclear  Science 
Coates,  A.  J. ,  et  al. ,  A  Space-Borne  Plasma  Anafyzer  for  Three-Dimensional  Measurements  of  the  Velocity  Distribution, 
submitted  to  IEEE  1984  Nuc.  Sci.  Symposium,  Fla. 

\Johnstone,  A.D.,  et  al.,  J.  Phys,,  1987 

■*McGarity,  J.O.,  et  al.,  "Compact  lon/Electron  Anafyzer  for  Spaceflight  or  Laboratory  Use."  Reviews  of  Scientific 
Instruments,  63,  p.  1973,  March  1992 

®Oberhardt,  M.R,  et  al.,  "The  Shuttle  Potential  and  Return  Electron  Experiment"  Nuovo  Cimento  Sezione  C,  to  be 
published  in  1994 
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fan  of  approximately  10°  In  the  plane  perpendicular  to  the  plates  at  the  aperture  and  100°  In 
the  plane  parallel  to  the  plates. 

1.1.1.  PAFmCLE  DEFLECTION  SYSTTEM  AND  DETECTION  ASSEMBLY 

In  the  operation  of  the  analyzer,  a  voltage  is  applied  to  each  pair  of  deflection  plates. 
This  applied  voltage  creates  a  radially  directed  electric  field  in  the  space  between  the  plates. 
Charged  particles  entering  through  the  aperture  Into  this  space  between  the  plates  are 
accelerated  towards  the  Inner  plate  by  the  force  exerted  by  the  electric  field.  If  the  electrical 
force  experienced  by  a  particle  approximately  balances  the  centrifugal  force  produced  by  the 
bending  of  the  particle’s  tr^ectoiy  In  the  electric  field,  then  the  particle  will  travel  a  great  circle 
trajectory  through  the  region  between  the  plates  without  striking  either  plate.  Particles  with 
either  too  high  or  too  low  an  energy  for  the  apphed  field  will  collide  with  either  the  outer  plate 
or  the  inner  plate,  respectively.  Similarly,  particles  of  the  opposite  polarity  or  neutral  particles 
will  undergo  multiple  collisions  with  the  plates  and  will  not  be  detected. 

The  particles  on  great  circle  trajectories  are  focused  after  passing  through  the  260° 
analyzer,  so  that  their  angle  (P)  at  the  input  aperture,  within  the  100°  dimension  of  the 
acceptance  fan,  is  Imaged  as  a  position  along  the  MCP  with  an  accuracy  of  approximately  1°. 
The  angle  (a)  of  the  particles  at  the  input  aperture,  in  the  10°  dimension  of  the  detection  fan,  is 
not  focused  as  a  position  along  the  MCP.  Charged  particles  that  reach  the  MCP  are  binned  into 
ten,  10°  X  10°  zones.  With  the  simultaneous  detection  of  both  Ions  and  electrons  m  the  two 
EiSA  units,  there  are  a  total  of  40  zones  of  particle  data.  Zone  0  has  its  lower  edge  5°  below 
parallel  to  the  base  of  the  EISA  unit  while  Zone  9  views  5°  past  the  zenith. 

Particles  that  pass  through  the  deflection  system  reach  the  ESA’s  detection  assembly. 

A  52  percent  transmissible  grounded  screen  is  positioned  at  the  front  end  of  this  assembly. 
Specially  designed  MCPs  intercept  the  particles  as  they  exit  the  grounded  screen.  Tlie  trape- 
zoldally-shaped  MCPs  provide  complete  coverage  of  the  E^A’s  acceptance  fan.  Anodes  are  posi¬ 
tioned  after  the  MCPs  to  collect  the  charge  cloud  emitted  by  the  MCPs.  The  anodes  are  split 
Into  10  sections  to  produce  the  division  of  the  100°  acceptance  fan  into  the  10  angular  zones. 
'The  biasing  scheme  of  the  MCP/anode  assembly  provides:  post-acceleration  of  the  particles 
prior  to  MCP  detection,  the  high  voltage  necessary  to  operate  the  MCPs,  and  a  post-MCP  accel¬ 
eration  of  the  MCP-emItted  charge  cloud.  This  configuration  results  in  efficient  particle 
collection  at  the  MCP  and  efificient  charge  cloud  collection  at  the  anode.  The  charge  pulses  col¬ 
lected  at  the  anode  are  converted  Into  logic  pulses  by  hybrid  preamplifier  discriminators.  These 
pulses  are  then  transmitted  from  the  ElSAs  to  the  Data  Processing  Unit  for  conversion  into 
accumulated  counts  and  for  use  In  the  Spacecraft  Particle  Correlator  Experiment  processing. 

1.1.2.  HIGH  VOLTAGE  POWER  SUPPLY 

A  stepping  high  voltage  power  supply  is  used  to  operate  the  MCPs  and  to  provide  the 
deflection  plate  voltages.  The  deflection  plate  voltages  are  swept  through  a  range  to  measure 
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electrons  and  ions  at  energies  from  10  eV  to  10  keV.  In  each  deflection  sweep,  the  particle  flux 
is  measured  in  32  energy  channels  spaced  at  equal  logarithmic  intervals  over  the  energy 
detection  range.  The  power  supply  is  capable  of  providing  two  rates  of  deflection  sweep, 
obtaining  either  one  complete  spectrum  per  second  (slow  mode)  or  eight  complete  spectra  per 
second  (fast  mode).  During  each  deflection  sweep,  the  particles  are  measured  simultaneously 
in  all  40  angular  zones  in  the  two  ESAs. 

The  high  voltage  is  necessary  to  operate  the  MCPs  and  to  provide  the  deflection  plate 
voltages.  The  MCPs  operate  at +2500  V  at  100  pA.  Four  voltages  are  required  for  the  deflection 
plates,  ranging  up  to  3400  V  for  ions  and  2500  V  for  electrons.  To  generate  the  voltages,  an 
oscillator  was  designed  to  operate  at  the  Orbiter  provided  bus  voltage  of  28  V.  A  step-up 
transformer  uses  the  oscillator  output  to  drive  the  input  for  a  pair  of  Crockofl-Walton  voltage 
multipliers.  The  multipliers’  filtered  output  is  used  by  both  the  MCP  biasing  scheme  and  the 
deflection  sweep  circuit. 

The  deflection  sweep  circuit  uses  a  pair  of  Amptek  HV601  high  voltage  optocouplers  to 
maintain  the  deflection  plate  voltages  at  the  values  regulated  by  the  sweep  reference  circuit. 
The  sweep  reference  circuit  produces  0-8  V  over  32  logarithmically  spaced  steps.  The  timing  of 
these  stepped  reference  signals  is  controlled  by  a  clock  signal  and  a  reset  command.  This 
sweep  regulator  can  operate  on  two  cycles,  once  per  second  or  eight  times  per  second,  or  be 
parked  at  a  selected  energy  channel. 


1.2  Calibration  Snmmaiy 

The  Geometric  Factor  is  the  factor  that  converts  the  coimts/second  as  measured  by 
the  analyzers  into  differential  number  flux  in  units  of  partlcles/cm®  sec  ster  eV.  The  geometric 
factor  at  any  energy  step  of  the  analyzers  can  be  expressed  as  the  product  of  the  peak  value  of 
the  energy  dependent  geometric  factor  times  a  constant  that  defines  the  shape  of  the  response 
function  for  the  analyzers  and  functions  that  express  the  variation  in  the  peak  energy 
dependent  geometric  factor  with  angle  within  the  detection  fan  and  with  energy.  The  peak 
value  of  the  energy  dependent  geometric  factor  is  defined  as  the  maximum  value  of  the  energy 
dependent  geometric  factor  in  the  center  of  the  detection  fan  for  unit  particle  detection 
efiiclency.  For  ESA  A  electrons,  the  peak  energy  dependent  geometric  factor  is  3.95  x  10  ® 
cm®-ster,  and  for  ions  it  is  2.24  x  10  ®  cm^-ster.  Similarly  for  ESA  B  electrons,  the  peak  energy 
dependent  geometric  factor  is  2.73  x  10'^  cm^-ster  and  for  ions  it  is  1.39  x  10'^  cm^-ster.  For 
both  E^SA  A  and  ESA  B  ions,  the  AE/E  is  approximately  1 1  percent.  The  AE/E  for  both  A 
and  E)SA  B  electrons  is  approximately  7  percent.  The  average  E^SA  A  (B)  electron  elevation 
angle  width  is  12.6°  (10.0°)  and  the  azimuthal  angle  width  is  8.5°  (8.3°).  For  ions,  the  average 
ESA  A  (B)  elevation  angle  width  is  9.2°  (10.0°)  and  the  azimuthal  angle  width  is  10.0°  (8.8°). 

The  calibration  was  performed  using  identical  apertures  for  ESAs  A  and  B.  This  was 
done  to  speed  up  the  calibration.  Following  completion  of  calibration,  the  geometric  factors  for 
flight  for  the  two  ESA  units  were  set  apart  by  a  factor  of  approximately  100  by  using  a  smaller 
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aperture  for  E^SA  B.  This  was  done  so  that  accurate  measurements  could  be  obtained  both  in 
the  ambient  environment  and  In  highly  perturbed  plasma  conditions  resulting  from  electron 
beam  emission  and  vehicle  charging.  The  ESA  aperture  sizes  are  listed  in  Table  1. 


Table  1.  EiSA  Design  Aperture  Sizes  (cm®) 


ESA  A  Ions  (600  |im  diameter) 

2.827  X  10®  =  Al 

ESA  A  Electrons  (400  pm  diameter) 

1.257  X  10®  =  Ag 

ESA  B  Ions  (50  pm  diameter) 

1.965  X  10®  =  Ag 

ESA  B  Electrons  (40  pm  diameter) 

1.257  X  10  ®  =  Al 

2.  CALIBRATION  FACILITIES 


2.1  Electron  Calibration  System^ 

The  electron  calibration  facility  consists  of  a  13”  circular,  400  A  thick  layer  of  gold 
deposited  on  a  quartz  flat  Installed  In  a  ciyogenlcally  pumped  vacuum  chamber.  The  vacuum 
chamber  Is  1  m  In  diameter  and  Is  typically  operated  at  1  x  10'^  Torr.  The  layer  of  gold  Is 
Isolated  from  groimd  so  that  It  can  be  biased  to  potentials  from  10  V  to  50  kV.  A  mono¬ 
chromatic  ultraviolet  (UV)  source  back-lllumlnates  the  quartz  flat.  The  UV  light  enters  the  back 
of  the  gold  surface  and  Induces  photoemission  from  the  front  of  the  deposited  gold.  Ihe 
emitted  electrons  are  accelerated  through  the  voltage  drop  between  the  gold  surface  and  a 
grounded  screen  In  front  of  that  surface.  A  potential  Is  applied  to  the  gold  surface  through  a 
specially  guarded  cable  connected  to  a  high  voltage  power  suppfy  external  to  the  vacuum 
chamber.  The  ground  screen  Is  90  percent  transmissible  and  mounted  on  dielectric  high 
voltage  standoffs.  These  standoffs  are  placed  at  a  distance  from  the  edge  of  the  gold  surface 
sufflcient  to  prevent  distortion  of  the  beam  structure.  Helmholtz  coils  surround  the  vacuum 
chamber  and  are  used  to  null  out  the  ambient  magnetic  field  to  prevent  bending  of  the 
electron  beam  at  lower  energies.  The  facility’s  configuration  results  In  the  production  of  a 
monoenergetlc,  uniform,  monodlrectlonal,  and  broad  electron  beam. 

The  cable  appfylng  the  potential  to  the  gold  and  the  gold  surface  itself  are  guarded  to 
eliminate  leakage  current  to  ground,  allowing  the  total  emitted  current  to  be  monitored  using 
an  in-line  plcoammeter  connected  directly  to  the  circuit  through  which  the  high  voltage  is 
applied.  This  measurement  of  current  emitted  from  the  gold  surface  allows  determination  of 


®Marshall,  F.J.,  et.  al.,  Calibration  system  for  electron  detectors  in  the  energy  range  from  10  eV  to  50  keV,  Rev.  Set 
Instr.,  57  (2)  229,  1986 


5 


the  electron  flux  In  the  beam.  This  total  beam  flux  measurement  serves  as  the  absolute 
calibration  standard  for  the  system. 

The  detector  to  be  calibrated  Is  mounted  on  a  system  of  computer  controlled  rotational 
and  translational  tables.  This  glmballed  mounting  fixture  Is  placed  at  the  opposite  end  of  the 
vacuum  chamber  firom  the  electron  beam  apparatus.  The  motion  of  the  fixture  allows  any 
Instrument’s  apertures  to  be  positioned  at  any  angle  relative  to  the  Incoming  beam.  The  setting 
of  the  beam  energy,  positioning  of  the  Instrument,  the  determination  of  the  beam  Intensity, 
and  the  calibration  data  acquisition  are  all  controlled  through  the  CALSYS2^  software 
package. 

2.2  Ion  Calibration  Sjrstem” 

An  electron  bombardment  Ion  source  configured  as  a  Kaufinan  thruster  Is  used  as  a 
calibration  standard  for  Ion  detectors  over  the  energy  range  2  eV  to  20  keV.  The  Ion  beam  Is 
well  collimated  by  a  drift  tube,  and  the  output  of  the  source  is  stable  to  a  few  percent  drift  per 
hour.  The  beam  Is  nearly  monoenergetlc,  with  a  full  width  half  maximiun  (FWHM)  In  energy  of 
1  percent  over  most  of  the  operating  range.  Several  features  of  the  beam  change  significantly 
from  low  (<  100  eV)  to  high  (>  100  eV)  energy.  These  deviations  from  an  ideal  beam  are  well 
characterized  and  are  accounted  for  In  the  calibration  of  the  ion  EISAs. 

The  Ion  calibration  system  can  be  attached  to  one  end  of  the  vacuum  chamber  by  a  23 
cm  conflat  flange.  The  system  Itself  Is  constructed  of  25  cm  conflat  tees  and  straight  sections 
of  20  cm  stainless  steel  tubing  with  25  cm  conflat  flanges.  The  resulting  drift  tube  Is  1.8  m  In 
length  exclusive  of  the  high  voltage  feedthroughs  at  the  Inlet  end  of  the  system. 

The  drift  tube’s  first  two  chambers  are  independently  pumped  by  small  turbomolecular 
piimps.  The  calibration  system  operates  most  efficlentfy  with  a  1  seem  flow  of  Ng.  The 
dlfierentlal  pumping  along  the  drift  tube  helps  to  limit  the  maximum  vacuum  chamber 
pressure  to  2  x  lO"®  Torr.  The  length  of  the  drift  tube  sets  the  angular  width  of  the  ion  beam  to 
approximately  2°. 

The  Ionization  chamber  of  the  source  Is  biased  to  the  desired  operating  beam  voltage. 
The  positive  end  of  the  source’s  filament  Is  biased  to  -30  V  with  respect  to  the  ionization 
chamber  so  that  electrons  are  accelerated  Into  the  Ionization  chamber  with  sufficient  energy  to 
Ionize  the  Nj.  Because  the  filament  Is  external  to  the  Ionization  chamber.  Ions  are  created  In 
an  equlpotentlal  region  and  the  large  anomalous  ion  temperature  typical  of  Kaufinan  thrusters 
is  avoided.  Magnetic  field  coils  wound  on  the  outside  of  the  tube  containing  the  source  provide 
a  10  G  field  inside  the  ionization  chamber.  Trapping  of  electrons  by  this  field  Increases  the 
probability  that  an  electron  vrill  undergo  an  ionizing  collision  before  reaching  the  wall  and  this 


^flton,  R,  Private  communication,  1990 

®Enloe,  C.L.,  Private  communication,  "Operation  of  an  ion  calibration  source  over  four  orders  of  magnitude  in  energy," 
1991 
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mores  than  doubles  the  source’s  output.  An  acceleration  grid  Is  biased  to  -50  V  with  respect  to 
ground  to  prevent  energetic  electrons  from  exiting  the  source  and  mixing  with  the  Ion  beam. 


3.  ELECTRON  ESA  CALIBRATION 

For  this  calibration,  data  were  taken  In  energy  passbands  with  a  peak  response  at 
approximately  27  eV.  45  eV.  87  eV.  138  eV.  270  eV.  420  eV.  660  eV.  1040  eV.  2000  eV.  4  keV, 
6  keV,  and  10  keV.  Within  each  passband  the  Instrument  response  was  determined  over  a 
two  dimensional  grid  In  angle  for  a  series  of  energies.  At  each  energy  the  angular  response  of 
the  Instrument  was  Integrated  to  give  the  energy  dependent  geometric  factor.  Not  all  angular 
scans  performed  gave  usable  data.  Data  omissions  will  be  discussed  at  the  appropriate  points 
In  the  explanation  of  the  analyses  perfonned.  Also,  to  obtain  statistically  significant  data  more 
qulckfy,  the  ESA  B  electron  calibration  was  performed  using  the  Ag  aperture. 

The  E^A’s  measured  flux  Is  given  by, 

j(E)  =  R/  J  G(E)  dE  (1) 


with  J(E)  equal  to  the  differential  number  flux  in  units  of  electrons/ cm^-sec-ster-eV,  R  is  the 
measured  count  rate  In  counts  per  second  in  a  selected  energy  channel,  and  G{E)  equal  to  the 
energy  dependent  geometric  factor.  The  integration  of  energy  dependent  geometric  factors  is 
performed  over  the  passband  of  the  energy  channel. 

The  energy  dependent  geometric  factor  may  be  written  as 

G(E)  =  A(E)  e(E)  G(E),  (2) 

where  A(E)  Is  the  effective  collecting  area,  e(E)  Is  the  detector’s  efflclency  In  that  energy 
channel,  and  G(E)  Is  the  solid  angle  over  which  the  particles  are  detected.  The  geometry  of  the 
sensor  baslcalfy  determines  A(E)  and  Q(E)  and  their  dependence  on  energy  Is  therefore  limited. 
The  efficiency  is  dependent  upon  energy  but  does  not  vary  greatfy  within  an  energy  passband. 
These  characteristics  mean  that  the  shape  of  the  response  curve  of  the  instrument,  that  Is,  the 
shape  of  the  plot  of  the  energy  dependent  geometric  factor  versus  energy,  wfll  be  almost 
Invariant  in  energy  and  zone.  Figures  la-8b  show  the  energy  dependent  geometric  factors 
plotted  versus  energy  for  each  zone  for  each  energy  passband  used  In  the  data  anal3^is  for 
E^SA  A.  Figures  9a-  18b  show  similar  data  for  E^A  B. 

The  energy  Independent  geometric  factor,  G,  Is  the  integral  of  the  energy  dependent 
geometric  factor,  G(E),  over  the  energy  passband  for  a  specific  energy  channel, 

G  =  jG(E)dE  (3) 
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This  Integral  may  be  approximated  by. 


G  =  X  [G(E,)  *  -  E..i)  /  2]  (4) 

The  summation  in  (4)  is  over  the  energies  in  a  specific  energy  channel  chosen  in  the 
calibration.  Equation  (4)  may  be  rewritten  as 

G  =  Gp  Ep  X  {  I  G(E,)  /  Gpl  *  [(E.,,  -  E..^)  /  2Ep  ] }  (5) 

where  Gp  and  Ep  are  the  peak  energy  dependent  geometric  factor  and  the  energy  at  which  the 
peak  occurs  in  a  passband,  respectively,  for  a  given  energy  charmel.  Gp  is  dependent  on  8(E) 
and  the  ESA  zone.  The  summation  in  Eq.  (5)  is  over  the  normalized  response  curve.  Since  the 
shape  of  the  response  curve  is  fixed,  this  summation  will  equal  a  constant  A  that  is  Invariant 
of  the  energy  passband  sampled.  Equation  (5)  may  then  be  written  as 

G  =  AGpEp.  (6) 

The  value  of  the  constant  A  is  obtained  by  integrating  the  normalized  response  curves. 
Eixamples  of  these  normalized  curves  are  shown  in  Figures  19a-22.  In  Figures  23  and  24, 
similar  normalized  curves  for  ESA  A  Electron  Zone  5  and  ESA  B  Electron  Zone  4  are  plotted 
for  several  different  energy  channels.  Figures  5a-24  demonstrate  that  the  shape  of  the 
response  curve  is  reasonably  invariant  in  both  energy  and  in  zone. 

Since  Gp  is  dependent  upon  detector  efiRclency  and  the  zone,  the  equation  for  G  can  be 
written  as 

G  =  A  Gp' Ep  e(E)  fie)  (7) 

where  Gp'  is  the  maximum  peak  energy  dependent  geometric  factor  over  all  energies  and  zones 
and  e(E),  and  fl9)  are  the  functions  that  give  the  variation  in  Gp'  with  energy  and  angle.  The 
calibration  then  consists  of  obtaining  sufiBclent  data  to  allow  determination  of  these  five 
quantities. 

A  value  for  A  was  calculated  for  every  zone  for  each  passband  calibrated.  These  A 
values  were  averaged  over  eill  energies  for  each  zone  and  then  averaged  across  all  zones.  For 
ESA  A  electrons,  the  average  A  was  calculated  to  be  7.55  x  10'®.  in  dimensionless  units,  with  a 
standard  deviation  of  2.62  x  10'®  and  an  uncertainty  in  determination  of  the  mean  A  of  8.73  x 
10“^.  For  ESA  B  electrons,  the  mean  A  was  7.61  x  10'®,  with  a  standard  deviation  of  2.92  x  10'®, 
and  an  uncertainly  in  determination  of  the  mean  A  of  9.23  x  10~*.  The  agreement  in  the  value 
of  A  for  the  two  E^SAs  and  the  small  value  of  the  standard  deviation  for  the  A’s  support  the 
contention  that  A  is  reasonably  constant.  The  passbands  used  for  ESA  A  electrons  were  those 
with  peak  response  at  87,  136,  269,  420,  660,  1040,  2040,  and  3950  eV.  For  ESA  B,  the 
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passbands  used  were  those  with  peak  response  at  141,  220,  275,  440,  682,  1070,  2100, 

4050,  and  6400  eV,  and  10  keV. 

To  calculate  fI0),  the  energy  independent  geometric  factor  was  calculated  for  all 
passbands  for  which  data  were  taken.  In  each  passband  used,  the  calculated  energy  indepen¬ 
dent  geometric  factor  in  each  zone  was  normalized  to  the  peak  value  of  the  energy  Independent 
geometric  factor  in  AEZ5  for  E^A  A  and  in  BEZ4  for  ESA  B.  The  normalized  value  for  a  given 
zone  was  found  to  be  approximately  the  same  for  the  different  energy  passbands  with  the 
exception  of  AEZ9  which  showed  some  significant  variation.  These  normalized  values  were 
then  averaged  in  each  zone  over  all  of  the  passbands  calibrated.  These  averages  are  listed  in 
Table  2  and  plotted  versus  zone  in  Figures  25  and  26  for  ESA  A  and  ESA  B,  respectively.  In 
addition,  the  expected  cosine  falloff  is  plotted  in  each  figure.  ESA  A  does  not  demonstrate  a 
smooth  falloff  in  geometric  factor  across  the  zones,  while  ESA  B  more  closely  matches  the 
expected  cosine  falloff.  It  Is  not  understood  why  this  happens.  The  determined  average  f(0) 
values  were  used  in  the  final  calculations  of  the  energy  independent  geometric  factor. 


Table  2.  Electron  f(0) 


Zone 

ESA  A 

ESAB 

0 

0.508 

0.602 

1 

0.743 

0.859 

2 

0.679 

0.951 

3 

0.963 

0.996 

4 

0.930 

1.000 

5 

1.000 

0.950 

6 

0.826 

0.883 

7 

1.060 

0.943 

8 

0.826 

0.851 

9 

0.824 

0.905 

Due  to  a  failure  of  the  preamplifier  for  AEZO  during  calibration,  no  preflight  calibration 
data  were  taken  for  this  zone.  Instead,  the  AEZO  calibration  was  performed  post-flight.  Data 
were  collected  in  the  270  eV  and  1  keV  passbands.  Values  of  the  constant  A  determined  for 
AEZO  post-flight  were  compared  to  those  obtained  in  the  other  zones  preflight  and  post-flight. 
All  were  tn  good  agreement.  For  this  reason  the  average  A  for  ESA  A  was  used  to  determine  the 
geometric  factors  for  AEZO.  This  left  only  the  determination  of  the  parameter  fi0)  for  AEZO, 
since  the  other  four  quantities  needed  in  Eq.  (7)  to  determine  G  would  be  valid  for  AEZO.  The 
f(0)  determination  was  performed,  normalizing  to  AEZ5  as  before.  We  also  determined,  by  a 
comparison  of  the  peak  geometric  factors  preflight  and  post-flight  tn  both  passbands,  that  only 
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AEZ6  exhibited  a  significant  drop  in  response  post-flight.  The  agreement  pre-  and  post-flight  of 
the  detector  response  is  well  illustrated  in  Figure  27.  No  post-flight  electron  calibration  was 
performed  with  E)SA  B. 

The  8(E)  dependence  was  calculated  from  the  variation  with  energy  of  the  value  of  the 
peak  electron  energy  dependent  geometric  factor  for  EISAs  A  and  B.  This  variation  is  shown  for 
each  zone  in  Figures  28  and  29.  To  calculate  e(E)  these  values  were  normalized  to  the  peak 
energy  dependent  geometric  factor  for  ESA  A  for  the  passband  with  a  peak  response  at  269  eV 
in  Zone  5  and  for  E^SA  B  for  the  passband  with  a  peak  response  at  275  eV  for  Zone  4.  At  each 
energy  passband  these  normalized  peak  values  were  then  averaged  over  zone.  The  normalized 
and  averaged  vedues  are  plotted  in  Figures  30  and  31. 

The  expected  electron  detection  efiiclency  of  channel  electron  multipliers  can  be  found 
in  Kttrz  et  of  and  Paschmann  et  clI}°.  The  postacceleration  (pre-MCP)  voltage  applied  to  the 
electrons  is  +400  V.  Adding  that  voltage  to  the  peak  at  -270  eV  34elds  an  efficiency  peak  in  our 
data  at  -670  eV.  This  is  330  V  lower  than  that  given  by  Paschmann  et  al^°.  We  attribute  this 
to  the  difference  between  the  MCP  absolute  detection  efiiclency  and  the  EISA  (that  is.  Instru¬ 
mental)  efiiclency  and  to  the  nature  of  the  determination  of  the  expected  values  given  In  the 
literature.  Kuiz’  curve  is  a  composite  of  data  taken  from  numerous  sources  under  varying  test 
conditions.  In  Kurz’  work  there  is  no  discussion  of  the  errors  in  the  expected  value.  Kurz’ 
curve  gives  an  efiiclency  peak  at  -200  eV.  Paschmann  et  al.  show  all  known  measurements  of 
channel  electron  multiplier  efiiclency  collected  up  imtll  publication  (1970),  and  demonstrate 
that  a  variety  of  factors  influence  the  determination  of  efiiclency  of  an  entire  instrument.  The 
equations  for  E^A  electron  detection  efiiclency  are  determined  to  be: 

ESA  A  electrons: 


e(E) 

=  0.8175, 

for  E  <  87  eV 

(8) 

e(E) 

=  0.077  +  0.383  *  Log  E. 

for  87  eV  <  E  <  269  eV 

(9) 

e(E) 

=  1.667  -  0.275  *  Log  E, 

for  E  >  269  eV 

(10) 

ESA  B  electrons: 

e(E) 

=  0.7732, 

for  E  <  141  eV 

(11) 

e(E) 

=  -0.909  +  0.783  *  Log  E, 

for  87  eV  <  E  <  269  eV 

(12) 

e(E) 

=  1.637  -  0.265  *  Log  E, 

for  E  >  269  eV 

(13) 

*Kurz,  E.A.,  Channel  Electron  Multipliers,  American  Laboratory,  March,  1979 
‘“Paschmann,  G.,  eL  al.,  Rev.  of  Set  Instr.,  41,  1706,  1970 
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The  data  points  from  the  very  low  energy  scans  were  not  used  in  the  fitting,  because  It 
was  determined  that  for  these  scans  there  was  significant  spreading  of  the  calibration  beam. 
The  beam  spreading  produces  an  overestimate  of  the  calibration  beam  density  and  a  resulting 
underestimate  of  the  energy  dependent  geometric  factor.  This  is  turn  creates  an  erroneously 
low  value  of  the  efficiency.  The  postacceleration  applied  to  the  electrons  is  Intended  to  provide 
approximately  unity  detection  efficiency  for  the  MCP  below  the  peak  detection  efficiency.  No 
tests  were  done  to  decouple  the  ESA  detection  efficiency  from  the  MCP  absolute  detection 
efficiency.  We  do  not  attribute  all  the  efficiency  drop  below  270  eV  to  beam  spreading.  The 
sharp  difference  between  the  data  points  at  220  eV  and  275  eV  for  E^SA  B  shown  in  Figure  29 
is  evidence  that  the  efficiency  chop  below  270  eV  may  be  due  in  part  to  an  Instrument  optical 
effect.  For  this  reason  we  fit  to  a  straight  line  the  observed  efficiency  fall  off  down  to  energies 
of  100  eV.  Below  100  eV  the  efficiency  Is  set  equal  to  the  value  determined  at  100  eV. 

Next,  the  central  energy  of  the  E^SA  as  a  function  of  voltage  step  was  determined.  The 
SPREE  E^SA  can  operate  In  either  the  Fast  Deflection  Sweep  Mode  or  the  Slow  Deflection 
Sweep  Mode.  The  deflection  voltage  is  smoothly  decayed  for  the  Fast  Mode  of  8  sweeps/sec.  In 
Fast  Mode,  the  first  pulse  of  the  high  voltage  supply  logarithmic  digital-to-analog  converter 
(Log  DAC)  resets  the  supply  to  the  highest  deflection  voltage  and  the  second  step  Initiates  the 
decay.  Subsequent  steps  simpty  maintain  the  high  voltage  supply’s  natural  logarithmic  decay 
and  serve  as  data  accumulation  boundaries.  The  Slow  Mode  Is  one  sweep/sec  and  is  operated 
differently  from  the  Fast  Mode.  At  the  first  step  of  the  sweep,  31.  the  highest  voltage  Is  set  and 
maintained.  The  next  step  sets  the  supply  to  the  next  lowest  voltage  and  then  maintains  that 
voltage  until  the  next  pulse  Is  issued.  The  Slow  Mode  Is  effectivefy  a  step  and  hold  as  opposed 
to  the  constant  decay  of  the  Fast  Mode. 

The  calibrations  were  performed  by  maintaining  individual  voltage  steps  and  collecting 
data  for  a  specific  beam  energy.  The  peak  energies,  Ep,  obtained  then  should  match  the  central 
energies  when  the  E^SA  Is  operating  in  Slow  Mode.  The  equations  for  peak  energy  for  Slow 
Mode  for  E:SA  A  and  E^A  B  were  determined  from  the  Ep  preflight  data  shown  In  Figures  32 
and  33.  These  data  were  fit  with  a  linear  regression  to  yield  the  Slow  Mode  energy  equations, 
for  n  =  0-31,  with  0  Indicating  the  lowest  energy  step  of  the  detector.  If  the  power  supplies 
were  following  the  natural  logarithmic  decay  as  designed,  then  the  Fast  Mode  central  energies 
could  be  obtained  from  Slow  Mode  central  energies,  since  they  represent  equally  spaced  points 
on  the  curve  of  the  decay  of  the  power  supply.  To  determine  the  central  energies  for  Fast  Mode, 
the  following  method  was  employed.  The  logarithms  of  the  Slow  Mode  Ep(n)  values  were 
calculated.  Then,  adjacent  logarithms  of  the  Slow  Mode  central  energies  were  averaged.  The 
logarithmic  Inverse  of  these  averages  was  then  determined  to  obtain  the  Fast  Mode  central 
energies.  A  linear  regression  was  performed  on  the  calculated  points  to  obtain  the  parameters 
required  to  describe  the  Fast  Mode  energy  equations.  The  Fast  and  Slow  Mode  electron  energy 
equations  for  E^A  A  and  ESA  B  are  shown  in  Ekjs.  (14)-(17). 
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Ep(n)  =  8.366  *  10  ° 

for  ESA  A  Fast  Sweep  Electrons 

(14) 

Ep(n)  =  9.362  *  10  ° 

for  ESA  A  Slow  Sweep  Electrons 

(15) 

Ep(n)  =  8.134  *  10°  °^“", 

for  EiSA  B  Fast  Sweep  Electrons 

(16) 

Ep(n)  =  9.109*10°°®®^", 

for  ESA  B  Slow  Sweep  Electrons 

(17) 

A  post-flight  voltage  calibration  was  performed  on  E)SA  A  to  check  whether  the  method 
of  determining  the  Fast  Mode  central  energies  was  correct.  For  this  determination  the  SPREE 
was  operated  In  the  Fast  Sweep  Mode.  The  SPREE  was  positioned  in  the  calibration  beam  at 
the  angular  orientation  that  produced  the  maximum  response.  The  SPREE  Data  Processing 
Unit  and  Ground  Support  Equipment  were  used  to  monitor  the  count  rate  measured  by  the 
ESAs.  The  electron  beam  energy  was  varied  to  produce  the  maximum  count  rate  in  a 
particular  channel.  This  beam  energy  was  taken  as  the  energy  of  the  peak  response  for  that 
energy  charmel.  These  data  points  are  shown  in  Figure  32.  One  should  note  that  these  data 
agree  with  the  calculated  curve  for  the  Fast  Sweep  Mode  energy  channels. 

Monitoring  of  the  plate  voltages  during  the  mission  to  determine  the  stability  of  the 
energy  channels  was  limited.  Over  the  range  of  the  deflection  sweep  voltage,  the  housekeeping 
signal  for  the  deflection  monitor  covers  a  range  from  8.0  Volts  to  0.008  Volts  (0-31).  The 
deflection  voltages  and  accompanying  monitor  values  can  be  found  in  Huber  etcd}^.  The 
analog  housekeeping  data  are  passed  through  a  16  channel  multiplexer  and  then  digitized  by  a 
12  bit  analog-to-dlgltal  (A/D)  converter  with  a  10  Volt  full  scale  range.  In  theory,  a  0.0024  Volt 
accuracy  should  have  been  provided  with  this  scheme.  The  lowest  housekeeping  monitor 
voltage,  0.008,  converts  to  three  bit  resolution,  but  the  Increment  to  the  next  2  or  3  steps 
above  It  Is  -0.002  Volts.  Unfortunately,  these  increments  between  steps  at  the  bottom  end  of 
the  sweep  supply  are  less  than  the  conversion  accuracy  of  the  A/D  converter.  Idealfy,  an  A/D 
with  greater  resolution  should  have  been  chosen.  Further  compounding  the  Issue  Is  the 
location  of  the  converter.  The  converter  Is  In  the  Data  Processing  Unit  and  the  deflection 
monitor  voltages  are  generated  Inside  each  ESA  The  ESA  Is  referenced  to  chassis  and  the 
deflection  monitor  signal  Is  single  ended  and  routed  through  two  harnesses  prior  to  reaching 
the  Data  Processing  Unit.  Enough  noise  is  generated  to  mask  the  lowest  12  steps  of  the 
deflection  monitor. 

The  deflection  monitor  telemetry  for  Fast  Mode  and  Slow  Mode  differ  also.  In  Slow 
Mode,  the  highest  level  (8.0)  Volts  Is  reported  twice  at  the  beginning  of  each  sweep  and  then 
subsequent  steps  show  the  value  following  the  natural  logarithmic  decline.  In  the  Fast  Mode, 
the  highest  value  is  reported  only  once  and  all  subsequent  steps  follow  the  natural  decline. 

The  Data  Processing  Unit  samples  the  deflection  monitor  voltage  a  few  hundred  microseconds 
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after  the  step  pulse  Is  sent  within  the  high  voltage  supply.  In  Fast  Mode,  the  deflection  voltage 
is  smoothly  decayed  from  the  beginning  and  never  held  at  a  fixed  position  so  that  there  would 
be  32  unique  values  reported  by  the  deflection  monitor  (If  there  were  enough  bits  and  a  clean 
signal).  In  the  Slow  Mode,  the  sampling  occurs  so  quickly  after  the  step  pulse  is  sent  (with 
respect  to  the  decay  time),  that  the  supply  monitor  is  being  polled  before  the  supply  has 
decayed  to  the  level  for  that  voltage  step.  In  Slow  Mode,  then,  the  reported  deflection  monitor 
voltages  lag  the  actual  deflection  voltage  by  a  step. 

Plugging  the  equations  for  e  and  Ep  and  the  values  of  A,  Gp ,  and  f(0)  into  Ekj.  (7),  and 
accounting  for  the  as-flown  aperture  size  of  the  B  electron  E^SA  leads  to  the  formation  of  a  set 
of  equations  to  determine  G  for  each  of  the  electron  zones  at  any  energy  for  both  ESA  A  and 
ESA  B  in  both  Fast  and  Slow  deflection  sweep  modes.  From  these  equations,  a  lookup  table 
has  been  created  and  used  as  an  analysis  tool.  The  tabulated  values  for  G  for  E^A  A  electrons 
and  E^SA  B  electrons  are  hi  Tables  4  and  5,  for  aperture  sizes  of  400  nm  for  the  E)SA  A 
electrons  and  40  pm  for  the  E^  B  electrons. 

Two  other  characteristics  of  the  instrument  that  we  can  derive  from  the  calibration 
data  are  the  EiSAs’  AE/Es  and  the  angular  acceptance  of  the  zones.  The  values  of  AE/E  were 
determined  from  the  Ep  values  and  the  data  taken  from  the  plots  of  the  energy  dependent 
geometric  factor  with  peak  responses  at  269,  420,  660,  and  3956  eV  for  EiSA  A  electrons  and 
at  275,  440,  1070,  and  2100  eV  for  ESA  B  electrons.  The  AE/E  for  each  zone  for  each  of  the 
above  passbands  was  determined  from  the  FWHM  of  the  plots.  The  FWHMs  were  then 
averaged  across  the  energy  channels  for  each  zone  (see  Table  3).  The  standard  deviations  for 
all  of  these  averaged  AE/E  values  were  all  less  than  1  percent.  One  should  note  that  the 
variation  across  the  zones  for  AE/E  for  E^SA  A  and  E^SA  B  matches  the  variation  seen  across 
the  zones  for  the  f(0)  values.  Based  upon  the  E^SA  dimensions,  the  maximum  AE/E  for  the 
electron  E^SAs  was  calculated  to  be  11.1  percent.^ 

The  angular  acceptance  is  defined  in  terms  of  the  angles  (a)  and  (P).  The  elevation 
angle,  (P),  Is  the  focused  angle  determined  by  the  anode  shape,  and  the  azimuthal  angle,  (a),  is 
the  unfocused  angle  determined  by  the  deflection  plate  separation.  The  elevation  angle 
calculated  from  the  analyzer  dimensions  is  10'’  and  the  azimuthal  angle  is  8°.  The  angular 
width  of  the  detection  zones  in  both  the  elevation  and  azimuthal  angles  was  determined  In  the 
following  manner.  The  angles  at  which  the  maximum  count  rate  occurred  were  determined  for 
the  angular  scans  at  energies  of  269,  660  and  2040  eV  for  E^SA  A  and  275,  440,  and  2100  eV 
for  E^A  B.  These  were  the  scans  at  the  energy  of  the  maximum  response  for  the  passbands 
calibrated.  Plots  were  made  of  the  counts  versus  elevation  angle  at  the  azimuthal  angle  where 
the  count  maximum  occurred  as  were  plots  of  the  counts  versus  azimuthal  angle  at  the 
elevation  angle  where  the  coimt  maximum  occurred. 

Examples  of  these  plots  of  the  single  angle  scans  of  the  counts  are  shown  In  Figures  34 
and  35.  The  angles  given  are  the  angular  position  of  the  ESA  in  the  calibration  facility 
coordinate  system.  Figure  34  highlights  the  overlap  between  E^SA  zones  in  the  elevation  angle 
and  Figure  35  illustrates  the  accumulated  position  loss  of  the  calibration  table  In  the  course  of 
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Table  3.  Electron  AE/E 


Zone 

ESA  A 

(Percent) 

ESAB 

(Percent) 

0 

5.80 

7.74 

1 

6.00 

7.73 

2 

6.70 

7.83 

3 

7.60 

7.99 

4 

7.50 

7.36 

5 

7.60 

7.33 

6 

6.40 

7.57 

7 

6.80 

7.37 

8 

6.40 

7.80 

9 

6.90 

7.59 

Avg 

6.80 

7.60 

a  scan.  From  these  plots,  the  angular  width  was  determined  as  the  FWHM  In  each  zone. 

These  values  were  then  averaged  across  energy  to  provide  the  angular  width  for  each  zone. 

The  angular  widths  for  the  electron  E^SAs  are  given  In  Table  6.  There  was  considerable  variance 
In  the  ESA  A  aztaiuthal  angles  across  energy  In  some  of  the  zones.  No  such  variance  was  seen 
In  the  elevation  angle  averages  for  either  ESA.  There  is  also  an  unexplained  difference  between 
ESA  A  and  E^SA  B  In  the  magnitude  of  the  average  elevation  angles. 

The  unusual  f|[0)  results  for  E^A  A  electrons  and  the  ESA  A  electron  AE/E  results  along 
with  the  ESA  A  electron  angular  widths  and  variance.  Indicate  that  there  may  be  some  slight 
misalignment  of  the  deflection  plates  In  the  ESA  A  electron  unit.  The  electron  calibration  data 
were  relative^  nolse-firee.  Only  one  Instance  of  minor  cross-talk  was  observed:  when  AEZ3 
registered  peak  counts,  AEZ2  and  AEZ4  showed  a  fraction  of  that  peak  response.  Dark  cotmt 
and  UV  contamination  scans  were  performed  for  a  center  energy  of  1  keV  and  demonstrated 
that  the  electron  background  counts  were  very  low.  Also,  all  ESA  A  and  ESA  B  electron  zones 
were  noise-free  a  few  hours  following  inlticil  high  voltage  tum-on  during  the  TSS-1  mission. 


4.  ION  ESA  CALIBRATION 

The  ion  ESAs  were  calibrated  using  the  same  basic  methods  as  for  the  electron  ESAs. 
Some  additional  steps,  however,  had  to  be  taken  with  the  ion  data  due  to  differences  between 
the  Ion  and  electron  beam  systems  as  well  as  noise  in  some  of  the  ESA  Ion  zones.  The  SPREE 
calibration  was  the  first  time  that  the  Ion  beam  system®  was  used  to  calibrate  an  Ion  ESA. 
Previous  Geophysics  Directorate  ion  ESAs  were  calibrated  using  the  electron  beam  with  the 
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Table  4.  ESA  A  Electron  Feist  Deflection  Sweep  Geometric  Factors 
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Table  4.  (cont'd)  ESA  A  Electron  Slow  Deflection  Sweep  Geometric  Factors 


05| 


N 


CD! 


ml 


Ni 


ir)ir5mmmmioif5r}<'<i<'>4''^r}''?j<^'^^':j‘cococomcocDcocococococoMM 

oooooooooooooooooooooooooooooooo 

OOCDir50COO)COa)'!tC^0510NO-*OCDCO>-iNOOCD(NN'«J<COO)COO)>-iCDO) 

00  CO  05  [>;  CO  N  M  o  ■<!}<  N  eo  q  o  CJ  N  o>  <N  N  CD  'H  00  CD  m  N  q  N  CO 

^  csi  csi  cd  rt  lo  N-’  05  pi  CO 't  iri  CD  00  05  -<  -I  ci  pi  cd  cd  rt  lo  cd’  od  oi 

inmmioinmif5in'^'Tt'^'^j<'<t'^i<'<trj<^Tj<cocococococococococococo(N(N 

oooooqqqoooooooqoooqqqqqqoooqooq 

05CDCDO'^ONO'^COOmt^>-iPJ-iC^lO-'N05t>COOO'5l<'^0'i<'-'COt^05 

q  q  q  q  q  M  -H q  q  q  q  q  N  q  q  n  r-;  q  q  q  q  n  -h  q  r-j  q 

•-I  ei  «"  cd in  05  --I  ^  ei  cd  in  cd‘  o6  oi  i-I  i-I  i-J  pi  pi  cd  cd  iri  cd  od  oJ  --i  >-1 


ininin!ninininTt'rt<'t'i*'i‘^^'!i<'4' 

oooooooooooooooo 


COCOCOCOCOCOCOCOCOCOCOCOCSMC^C^ 

oooooooooooooooo 


co'tocot>-NinNN'«j'^coincD-'coinoocD05005floo5inN^oo'!)<inoo5 
q  q  N  q  Ti;  q  »H  q  q  q  q  q  q  q  q  q  q  q  N  q  q  q  q  q  q  q  q  q  q 

ei  cd  cd iri  N  05*  i-!  ^  i-I  pi  cd  cd  in  cd  od  >-<  ■-<  cd  cd  cd 't  in  is*  od  >-<  >-<  >-1  >-< 

inininininininin't';i'rt<'<t'<!}'rj<rj<rj<Tj<^cocococococococococococo(Scsi 

oooooooqqqqqqqqqqqqqqqqoqqqqqqqq 

05CDCO'-iTt<'-iN^^COOinN<-<M*-iOOCD>-iN05NCOOOininOin>-i^t^05 

q  q  q  N  q  q  q  -<  q  q  q  q  q  n  q  q  tJ;  s  .-j  q  -<  q  q  q  n  >-<  N  <->  q 
-!  w"  ci  cd 't  in  N  05*  •-<  ci  cd in  cd  od  05  •-<  >-1  >-1  cd  cd  cd  cd in  cd  od  05’  -I  i-i 

ininininininin'^ri<«5j<Tj<rtri<Tt<Tj<Tj<'*cocococococococococococo(N(N<N 

oooooooooooooooooooqqqoqqqqoooqo 

OOCDOOOO»-<COOOOOCONinMinc^«OONOOCDC^OOinCDe500CD(SOO'-i05 
q  q  q  Tf  q  q  q  ^  q  N  -<  q  q  q  q  ^  q  q  q  q  q  q  q  q  .-H  q  ,-H  q 

cd  cd  cd  in  cd  od  •d  •-<  cd  cd  cd cd  od  oi  ■-!  i-J  i-l  pi  cd  cd  cd  in  cd  od  05’  >-h  .-J  rd 

inminininininrt't'^'i'^'t^'^'^'tcocococococococococneococ^iNcj 

00000000000000000000000000000000 

<MCDCOt^MTj<c:5(NOO-<(NinCD^aOinO(NCDCD-^'<tCDOOCOCO-i05CnO'-'t^ 

qqqqqqqqqqoq'<tqqqqrHqqqT);qqqqqq^-Hqq 

cd  cd  cd  in  cd  cx)  <d  ^  -<  cd  cd  cd  •^'  in  cd  05  -I  »d  p-I  cd  cd  cd  cd  in  cd  cd  cd  >-<  rd 

ininininininin'^'<t':t<'^'^'<tT)*n<'^"?)'cococncocncr5c<5cocncocncn(N(N(N 

oooooooooooqcpcDqqqcDOcDqocpciqqqqqqoq 

Oinin<N"-iC^00CDCnCD<35'<tQ0C>.00(NC0CD^lN00C0CD^00'-HC0CDinc0CDC0 
csc^'^cO'^c^'?t<oqqqqqqqqqq'tqqqqq'<t'>!^qq'?tqqq 
cd  cd  cd 't  in'  cd  06  >-<  ^  cd  cd  cd  cd  cd  05’  r-i  rd  ^  cd  cd  cd  cd  in  cd  cd  oi  -d  .-d 

ininininininininin^'^'^Tj'Tj'Tj'Tfrt^^cocococncocococncocococoiN 

oooooooooooooqqqooqqqqqqqqqqqqqq 

in'^cr5'<J<'-<c^c^cx)CDC'«oocnMD505'-'csiooin’-<c^oocD>-'CD'-iO'^cocnoo^ 
m  05  q  00  c>.  q  "St  q  q  q  q  q  q  q  q  q  q  q  q  q  q  q  q  q  q  q  q  q  q 
--d  .-d  cd  cd  cd  iri  cd  05  pd  pi  cd  ■^'  in  cd  od  05  rd  ^  cd  ci  cd  cd  ■^’  in  cd  cd  oi  >-h 

inininininininin'<t'^T)<'?j<rf'<tTt<'^tpTj<cococococoe5cocococncococsicsi 

cpcpocpoooooqoociooocDooocicicpoocDqooooo 

OMCDcoc^(N'^05cr5oo(N'-icooo5coininc55(N^incDCDco(X)'!j'c^<35ininin 
c^'-HCOcO'-<c5in<-'qqqqqqqqqqqqqqqqqqqqqqqq 
>-d  cd  cd  cd 't  in  cd  od  cd  cd  cd  cd  n  od 'd  -d  rd  ^  cd  cd  cd  'ct  in  cd  cd  od  -1 

inininininininininin'^-^''^'<i*'<^'^'<t'^T)<Ti<cocococococococococococo 

ooooooooqoqcpcpoqqqcDCDCiqqocpqqqoqqcDO 

cDin<Mooinc>c^O'-<c^oino5cO'-'pqco(N'<tinoP5c^cDcoin'4<inooooc>»^- 

q  q  q  q  q  q  q  q  q  q  q  q  q  q  q  q  q  q  q  q  q  q  q  q  q  q  q  q  q  q  q  q 
I— <1— (rdpicdcd^incdod’^*~<'^cdcd^iricdcdo5'— ii— I'^idpicdcd^'ii'incdod 


P5Cn'd<inCDC^00  05O^<NC«5'>i<inC0C^00C55O'-ipqcnr}<lf5CDC^00  05O-' 
i-(i— ii-Hi-Hi-ii-4i-Hi— if-Hi-HpgNC^C^cdcQCSC^CSCQCOCn 


16 


Table  5.  ESA  B  Electron  Fast  Deflection  Sweep  Geometric  Factors 
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Table  5.  (cont’d)  EISA  B  Electron  Slow  Deflection  Sweep  Geometric  Factors 
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polarity  on  the  ESA  deflection  plates  reversed.  Like  the  electron  calibration,  the  ESA  B  Ion 
calibration  was  performed  with  the  ESA  A  aperture.  One  Instrumental  difference  between  the 
electron  and  Ion  ESAs  Is  that  the  electron  ESAs  use  one  MCP  for  zones  0-9  while  the  Ion  ESAs 
use  one  MCP  for  zones  0-4  and  another  MCP  for  zones  5-9. 


Table  6.  Angular  Width  of  Electron  ESA  Zones  Averaged 
Across  Selected  Energy  Channel  (degrees) 


ESA  Zone 

Elevation  (P) 

Azimuth  (a) 

AEZl 

15.3 

7.4 

AEZ2 

11.9 

7.7 

AEZ3 

12.2 

8.6 

AEZ4 

11.3 

8.3 

AEZ5 

12.2 

9.5 

AEZ6 

11.7 

9.1 

AEZ7 

13.7 

8.6 

AEZ8 

11.9 

7.9 

AEZO 

13.0 

9.2 

BEZO 

9.2 

7.5 

BEZl 

10.1 

8.1 

BEZ2 

9.5 

9.3 

BEZ3 

9.9 

9.3 

BEZ4 

10.0 

8.3 

BEZ5 

9.5 

9.0 

BEZ6 

9.4 

7.9 

BEZ7 

10.5 

7.2 

BEZ8 

10.2 

7.8 

BEZ9 

11.5 

8.6 

The  Ion  beam  drift  tube  pressure  was  kept  to  -5  x  10'®  Torr  to  prevent  the  degradation 
of  the  beam.  For  all  Ion  beam  energies  used  in  this  calibration,  the  FWHM  of  the  beam  was 
approximately  0.  Since  this  Is  an  order  of  magnitude  less  than  the  AE/E  for  the  Ion 

ESA  this  had  a  negligible  effect  on  the  calibration.  Ion  beam  purity  was  considered  to  be  unity 
for  the  purposes  of  this  calibration.  We  determined  that  the  current  density  at  the  ESA 
detection  location  was  0.82  of  that  at  the  location  of  the  Faraday  cup. 

The  CALSYS2  determination  of  G(E)  does  not  account  for  any  variation  In  the  beam 
current  during  a  scan.  Consequently,  if  any  current  drifts  occur  within  a  calibration  scan,  the 
G(E)  determined  by  CALSYS2  can  be  In  error.  There  were  a  number  of  Ion  calibration  scans  tn 
which  there  was  a  significant  drift  of  the  Ion  beam’s  current.  Adjustments  to  the  energy  de¬ 
pendent  geometric  factors  obtained  In  these  scans  were  attempted.  These  adjustments  were 
based  on  the  assumption  that  the  Ion  beam  current  drifted  linearly  throughout  the  duration  of 
the  scan.  Using  this  assumption  did  not  give  energy  dependent  geometric  factors  consistent 
with  those  obtained  when  the  current  density  was  stable.  We  recommend  all  future  users  of 
the  Ion  beam  system  disregard  all  Ion  calibration  data  files  that  contain  a  significant  current  drift. 
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The  energy  passbands  calibrated  for  E^A  A  Ions  were  those  with  peak  responses  at 
approximately  140,  430,  1040,  6200,  and  7600  eV.  For  ESA  B  Ion  calibration,  the  energy 
passbands  CEillbrated  were  those  with  peak  responses  at  48,  60,  92,  220,  665,  6200,  and  7600 
eV.  The  value  for  A  for  ESA  B  data  centered  at  48  eV  was  not  used,  since  the  scan  was  cut  off 
at  the  high  end  of  the  energy  passband.  The  data  for  ESA  A  centered  at  38  eV  were  not  used 
because  of  observations  of  some  unusual  beam  spreading.  Figures  36a-43c  show  examples  of 
the  Ion  energy  dependent  geometric  factors  for  each  zone  of  the  ESA  A  and  ESA  B.  (Recall  that 
the  ESA  B  data  were  obtained  using  the  ESA  A  Ion  aperture.)  In  Figures  44  and  45,  similar 
normalized  curves  for  ESA  A  Ion  Zone  3  and  ESA  B  Ion  Zone  4  are  plotted  for  several  energy 
channels.  Figures  36a-45  demonstrate  that  the  shape  of  the  response  curve  for  the  Ions  Is 
relatively  Invariant  In  both  energy  and  zone  for  both  ESAs.  For  ESA  A  Ions,  the  mean  A  was 
calculated  to  be  1.01  x  10  \  In  dimensionless  units,  with  a  standard  deviation  of  1.96  x  10‘® 
and  an  uncertainty  In  determination  of  the  mean  A  equal  to  6.20  x  lO  "*.  For  ESA  B  Ions,  the 
mean  A  was  1.07  x  10  *,  with  a  standard  deviation  of  1.88  x  10"^.  and  an  uncertainty  tn 
determination  of  the  mean  A  equal  to  5.94  x  10‘^. 

A  significant  level  of  background  noise  was  present  throughout  the  calibration  In  BIZ5 
cmd  BIZ6.  Occasional  noise  was  present  In  BIZ2.  This  can  be  seen  In  Figures  40-43.  This  noise 
did  not  affect  the  determination  of  the  constant  A,  however.  This  background  level  proved  to  be 
a  factor  mainly  In  the  choice  of  Gp’. 

To  check  rejection  characteristics,  a  5  keV  electron  beam  was  scanned  by  the  ESA  B 
Ion  zones  with  the  ESA  A  sized  aperture  for  ESA  central  energies  of  1077,  442,  and  93  eV  with 
a  data  accumulation  Interval  of  1  minute.  The  Ion  count  rates  were  all  well  below  1  per  second, 
except  for  those  zones  already  Identified  as  noisy.  The  noisy  zones,  BIZ5  and  BIZ6,  showed  no 
appreciable  count  rate  Increase  during  these  rejection  tests.  Dark  count  and  UV  contamination 
scans  were  performed  as  well  at  a  center  energy  of  1  keV.  Both  showed  count  rates  of 
<  1  /second.  In  flight,  there  was  some  noise  In  AIZ4,  BIZ4  and  BIZ5.  After  approximately  3 
hours  of  on-orblt  operation,  this  noise  level  had  settled  to  approximately  10  counts/ second  In 
those  3  zones.  Payload  bay  pressure  was  low  (10  ®  to  10  ®  Torr)  and  therefore  not  a  factor  in 
producing  the  noise  observed. 

For  the  1(0)  determination,  the  Ion  energy-independent  geometric  factor  In  each  zone  for 
each  energy  passband  characterized  was  normalized  to  the  peak  value  of  Ion  energy-indepen¬ 
dent  geometric  factor  In  AIZ4  for  ESA  A  and  In  BIZ4  for  ESA  B  for  that  energy  passband.  The 
normalized  factor  for  a  given  zone  was  found  to  be  approximately  the  same  for  the  different 
energy  channels  for  both  ESA  A  and  ESA  B.  These  normalized  factors  were  then  averaged  for 
each  zone  over  all  of  the  energy  channels  calibrated.  These  average  values  are  shown  In  Table 
7.  Values  of  this  normalized,  averaged  ion  G  plotted  versus  zone  are  shown  In  Figures  46  and 
47  for  ESA  A  and  ESA  B,  respectively.  In  addition,  the  expected  cosine  falloff  Is  plotted  In  each 
figure.  ESA  A  shows  a  sharp  difference  In  response  between  the  two  MCPs  used.  For  the  zones 
for  each  MCP  the  falloff  with  angle  Is  greater  than  a  cosine  falloff.  The  f(0)  normalization  for 
ESA  A  Ions  was  performed  using  AIZ4  Instead  of  AIZ3  to  smooth  out  some  of  the  disparity 
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between  the  two  plates.  ESA  B  demonstrates  a  smooth  falloff  in  geometric  factor  across  the 
zones,  with  again  a  greater  than  cosine  falloff  in  the  outer  zones.  This  greater  than  cosine 
falloff  is  not  understood.  The  determined  f(0)  values  were  used  in  the  final  calculations  of  the 
ion  energy  Independent  geometric  factor. 


Table?.  lonffO) 


Zone 

ESA  A 

ESAB 

0 

0.465 

0.442 

1 

0.686 

0.770 

2 

0.843 

0.887 

3 

1.010 

0.989 

4 

1.000 

1.000 

5 

0.790 

0.963 

6 

0.767 

0.913 

7 

0.721 

0.801 

8 

0.599 

0.647 

9 

0.406 

0.400 

The  expected  ion  detection  efficiency  is  shown  in  Kurz  et  aL®  Ion  detection  efficiency 
has  been  shown  to  be  dependent  on  the  species  being  measured,  but  the  basic  curve  shape 
remains  the  same  for  all  species.  According  to  studies  performed,  there  are  mass-dependent 
efficiency  variations  for  Ions  through  mass  40  for  Ions  incident  on  the  channel  electron 
multiplier  with  energies  of  less  than  2-4  keV,  No  attempts  were  made  to  compensate  for 
species  In  the  determination  of  the  efficiencies  for  the  ion  ESAs  and  no  data  were  Identified  hi 
the  literature  for  MCP  detection  efficiency  of  nitrogen  Ions.  Figures  48  and  49  show  the  peak 
Ion  energy  dependent  geometric  factors  for  ESA  A  and  ESA  B.  The  ESA  A  and  ESA  B  Ion 
detection  efficiency  curves  are  shown  in  Figures  50  and  5 1 .  The  efficiency  curves  were 
obtained  from  fits  to  the  normalized  peak  ion  energy  dependent  geometric  factors,  shown  as 
asterisks  on  the  plot. 

The  peak,  energy  dependent  geometric  factors  were  normalized  to  the  value  of  Gp  at 
6200  eV  from  Zone  3  for  ESA  A  and  6020  eV  from  Zone  4  for  ESA  B  (ESA  B  Gp  given  for 
aperture  size  Ai).  BIZ5  had  a  higher  Gp  at  6020  eV,  but  that  result  was  due  to  the  high  level  of 
background  counts  in  that  zone,  so  it  was  not  used  as  Gp .  The  measured  Ion  ESAs’  efficiency 
curves  are  in  good  agreement  with  the  published  data.  For  ESA  A,  90  percent  detection 
efficiency  beghis  at  -1.8  keV  and  for  ESA  B  at  -750  eV.  Since  the  ion  post-acceleration  (pre- 
MCP)  was  2100  V  this  gives  energies  for  90  percent  efficiency  of  3.9  keV  and  2.85  keV.  From 
Kurz’  data,  for  monoatomlc  Ions,  90  percent  detection  efficiency  should  begin  at  4  keV  and  for 


21 


H/.  at  -2  keV.  The  difference  between  the  low  energy  Ion  detection  efficiencies  and  the 
location  of  the  efficiency  peaks  of  ESA  A  and  ESA  B  are  unexpected.  The  explanation  of  this 
disparity  Is  that  one  of  the  MCP  pairs  In  ESA  A  had  operating  characteristics  very  different 
from  Its  mate  and  the  pair  In  ESA  B,  as  was  evidenced  In  the  110)  plots.  Eqs.  (18)-(21)  yield  the 
efficiency  values  for  ESA  A  and  ESA  B  Ion  detection. 


ESA  A  Ions: 

e(E)  =  0.202  +  0.208  *  Log  E, 

for  E  <  6200  eV 

(18) 

e{E)  =  2.298  -  0.342  *  Log  E, 

for  E  >  6200  eV 

(19) 

ESA  B  Ions: 

e(E)  =  0.590  +  0. 108  *  Log  E, 

for  E  <  6200  eV 

(20) 

e(E)  =  1.542  -  0.143  *  Log  E, 

for  E  >  6200  eV 

(21) 

The  central  energies  for  both  Fast  and  Slow  Modes  for  the  Ion  ESAs  were  determined  as 
for  the  electron  ESAs.  The  deflection  monitor  Information  discussed  in  Section  III  applies  to  the 
Ion  ESAs  as  well.  The  Ion  beam  was  operated  at  a  beam  current  such  that  shifts  In  center 
energy  did  not  need  to  be  taken  Into  account.®  Figures  52  and  53  show  the  Ep  data,  the  Ep 
curve  fits  to  those  data  for  Slow  Mode,  and  the  calculated  Fast  Mode  Ep  curves,  for  ESA  A  and 
ESA  B,  respectively.  Eqs.  (22)-(25)  give  the  energy  equations  for  the  Ion  ESAs. 


Ep(n)  =  8.755  *  10 

for  ESA  A  Fast  Sweep  Ions 

(22) 

Ep(n)  =  9.784  *  10 

for  ESA  A  Slow  Sweep  Ions 

(23) 

Ep(n)  =  9.26  *  10 

for  ESA  B  Fast  Sweep  Ions 

(24) 

Ep(n)  =  10.26  *  10  ® 

for  ESA  B  Slow  Sweep  Ions 

(25) 

A  set  of  equations  to  determine  G  for  each  of  the  Ion  zones  at  any  energy  for  both  ESAs 
A  and  B  In  both  Fast  and  Slow  deflection  sweep  modes  Is  derived  by  Inserting  Into  Eq.  (7)  the 
equations  for  e  and  Ep  and  the  values  of  A,  Gp ,  and  110)  and  by  accounting  for  the  as-flown 
aperture  size  of  the  B  Ion  ESA.  From  these  equations,  a  lookup  table  has  been  created  and 
used  as  an  analysis  tool.  Also,  note  that,  due  to  a  wiring  harness  problem.  Incomplete  (that  Is 
fewer  energy  scans  than  the  other  electron  zones)  but  sufficient  data  were  collected  for  the 
calibration  of  BIZ5.  The  tabulated  values  for  G  for  ESA  A  ions  and  ESA  B  Ions  are  In  Tables  9 
and  10,  for  aperture  sizes  of  600  pm  for  the  E^A  A  and  50  pm  for  the  ESA  B.  Sufficient  post- 
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flight  data  were  taken  to  show  that  the  Ion  ESAs  were  operating  properly.  These  data  are  not 
adequate  for  performing  a  post-flight  calibration. 

As  was  done  for  the  electrons,  we  can  calculate  the  AE/E  and  angular  acceptance  for 
the  Ion  ESAs.  From  the  Ep  values  and  the  data  taken  for  scans  at  energies  of  140,  420,  and 
6200  eV  for  ESA  A  Ions  and  at  energies  of  210,  655,  and  6020  eV  for  ESA  B  Ions,  the  values  of 
AE/E  were  determined.  The  AE/E  for  each  zone  for  each  of  the  above  scans  was  determined 
from  the  FWHM  of  the  data  In  the  figures  corresponding  to  the  scans  listed.  The  FWHMs  were 
then  averaged  across  the  energy  channels  for  each  zone.  ESA  A  shows  some  difference  In  AE/E 
between  the  lowest  energy  checked  and  the  higher  two  energies;  this  feature  can  also  be  seen 
In  Figure  44.  ESA  B  shows  no  significant  differences  in  AE/E  at  the  various  energies  checked. 
The  maximum  expected  AE/E  for  the  Ion  ESAs  based  on  the  ESA  dimensions  was  calculated  to 
be  14.8  percent.'*  The  actual  values  obtained  are  lower,  as  was  the  case  for  the  electron  ESAs. 
Table  8  contains  the  values  obtained  from  the  data  analyzed. 


Table  8.  Ion  AE/E 


Zone 

ESA  A 

(Percent) 

ESAB 

(Percent) 

0 

10.4 

10.3 

1 

10.4 

10.9 

2 

10.7 

10.8 

3 

11.2 

10.9 

4 

11.1 

10.0 

5 

10.4 

10.3 

6 

10.2 

10.3 

7 

10.7 

11.0 

8 

10.7 

11.1 

9 

9.6 

10.6 

Avg 

10.5 

10.7 

The  ion  elevation  angle  calculated  from  the  analyzer  dimensions  Is  10°  and  the 
azimuthal  angle  Is  10°.  The  angular  width  of  the  detection  zones  In  both  the  elevation  and 
azimuthal  angles  was  determined  in  the  following  manner.  The  angle  at  which  the  maximum 
count  rate  occurred  was  determined  for  the  angular  scan  at  the  following  energies;  140,  420 
and  6240  eV  for  ESA  A  and  210,  655,  and  6020  eV  for  ESA  B.  These  scans  are  at  the  peak 
response  In  energy  of  the  channels  calibrated.  Plots  were  made  of  the  counts  versus  elevation 
angle  at  the  azimuthal  angle  where  the  count  maximum  occurred  and  of  the  counts  versus 
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Table  9.  ESA  A  Ion  Fast  Deflection  Sweep  Geometric  Factors 
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Table  9.  (cont’d)  E^A  A  Ion  Slow  Deflection  Sweep  Geometric  Factors 


oooooooooooooooo 


rCrJ'Tj'rJ'Tt^COCOCOCOCOCOCOCOCOCO 

OOOOOOOOOOOOOOOO 


UUWWWWWWUWUUWWCdWWWCdWUWWWUUUtLlUUCdU 


00<N-HCONO)'-''^CO(NNCOMQOOO 

CDOOCOMOCOOOCOOOOlfjTfOCON 


ooo>m^in(NOco(N 

. CO  0)  N  (30  IN  05  O  CO  cq  "H  N 

CO  Tl*  CD  00  r-I  -I  -J  (m’  CO  iri  CD  00  (N  (N  CO  CD  N 


ID  O  ID 

■<t  CD  OO  IN 


'^(MCNlCO'^lDCDQO 


CDCDCDlDlDlDlDlDlDlDlDlD'<J*T}<rj<r}<TtrJ<Tj<^'itCOPOCOCOCOCOCOCOCO<N(N 

OCDOOOOOOOOOOCDOOOOOOOOOOOOOOOOOOCp 

0r5,_<O-HQ0lDNCDN00NC0^OCDTj<O5lD00lDCDNO(NlDC00505O500'-<<N 
rl;  CO  IN  ID  q  CD  Tf  N  ^  CD  (N  CD  q  CD  CO  CO  ID  rH  i-H  -H  CD  05  C3)  CD  Tj<  (N  q  (N 

ID  N  05  rH  rH  csi  c4  CO  Tf’  ID  N  CD  <-H  .-H  m‘  <N  CO  lb  N  CJ5  -j  -<  -H  <N  CO  CO  ID  CD  00  -I 


CDCDlDlDlDlDlDlDlDlDlD'!}<rt<rJ«Tj<^Tj<Tj<T}<^COCOCOCOCOCOCOCOCOCO<N(N 

oqqqoqoqooqqooqqqqqqqqoqqqqqqqoq 

COlDCSCDON-iCDQOCDQOCDOOlNNOOQOTj'C^^O'-iO'-'lDCDOM'-'CD'-'CD 

q  q  i-H  q  Tj<  N  -j  q  q  q  i-j  05  ^  -I  q  q  N  q  -H q  q  q  N  q  q  q  q 

CD  cb  --I  -j  ci  cb  ID  CD  00  ^  -H  <N  cb  ^  lb  CD  00  >-1  C^j  CN  cb  't  CD  N  (35  •-<  I-H 


CDCDlDlDlDlDlDlDlDlDlDTtTtTj'TtTj'TfTt^TtcOCOCOCOCOCOCOCOCOlNCNlN 

qqqqqqqqqoqqqqqqqqqqqqqqqqqqqqqq 

lDOCDlD<NCO'-'(NCO'-<cDC005lDCOOO'tt^lDCDNO(NlD^O'-<(N,-HCDCDCD 

qqqqqq^’^NTfqqqqqqqq-jqqqq^qqqqqqqq 

CD  05  ^  IN  (N  cb  lb  N  05  --I  CN  IN  cb  lb  N  (35  >-I  --h  .-h’  n’  CO’  lb  CD  00  --I 


CDCDlDlDlDlDlDlDlDlDlDr}<T}<rJ<'t^rl'rJ<Tj<TtCOCOCOCOCOCOCOCOCO(N(N(N 

qoqoqoqqqooqoqqqqqqoqqqqqqqqqqqq 

CDOOCOOOO'-HC^CDOCOlDt^^^'-'(3500^N^-ilDOOCOCOCON(NN(35CO-i 

q  q  q  q  q  t>.  q  q  q  q  q  q  q  q  N  Tj*  r};  t>.  q  ri<  q  q  q  q  q  q  q  N  q  q  q  q 
ts!  05  rH  r-!  (N  (N  cb  rj<  lb  N  (35  •-<  >-<  ci  (N  cb  ^  lb  N  05  --H  ■-H  -h’  cb  cb  lb  CD  00  r-J  -< 


CDlDlDlDlDlOlDlDlOlOTt'TtTj<Tj<T(*Ti<«t^tT}<COCOCOCOCOCOCOCOCO(NC5J(N(N 

oooooooooooooooooooooooooooooooo 


CD 

C35 

ID 

(N 

CO 

ID 

N 

N 

CO 

ID 

pH 

tv  tv  CO 

pH 

CD 

tv 

C35  CO 

CO 

O 

O 

05 

(N 

CD 

o 

00 

00 

00 

CO 

O 

q 

O  CD 

CO 

q 

q 

O  CD 

CD 

M 

CO 

q  q 

CJ5  ID 

<N 

O 

(N 

CD 

ID 

q 

q 

q 

q 

05 

(N 

(N 

cb 

lb 

N 

05 

pH 

<N  (N  cb 

'if  ID 

tv‘ 

05 

1— 1  r-i 

1— I 

05 

cb 

ID  CD 

00 

pH 

pH 

cb 

CD 

ID 

ID 

ID 

ID 

ID 

ID 

ID 

ID 

ID 

rf 

rt 

CO  CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

(N 

<N 

IN 

IN 

O 

O 

O 

O 

O 

O 

O 

o 

O 

O 

o 

o 

q  q  q  q  q 

O 

O 

o  o 

o 

o 

o 

o  o 

O 

o 

O 

O 

O 

O 

a 

u 

Cd  Cd  Cd  td 

Cd  Cd  Cd 

Cd 

Cd  Cd 

Cd  Cd  Cd  Cd  Cd 

Cd 

Cd 

Cd  Cd 

Cd  Cd  Cd 

Cd  Cd  Cd 

Cd 

Cd 

Cd 

Cd  Cd 

N 

O 

ID 

O 

CO 

N 

CO 

CO 

O  O  N 

CD  CO 

CO 

CO 

^  ID 

00 

CO 

00 

't 

o 

O 

o 

O 

CD 

q 

q 

q 

q 

ID 

00 

ID 

tv 

q 

q 

pH  ^ 

tv 

CO 

q  q 

05  ID 

<N 

pH 

<N 

tv 

CD 

pH 

q 

q 

05 

cb 

cb 

cb 

lb 

C'.' 

<35 

^H 

<N  <N  CO  ID 

tb 

05 

pH  pH 

pH 

<N 

cb 

lb 

cb 

ob 

pH 

pH 

pH 

cb 

CD 

ID 

ID 

ID 

ID 

ID 

ID 

ID 

ID 

ID 

Tt  'St  Tt 

CO  CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

(N 

(N 

(N 

O 

O 

O 

o 

O 

O 

O 

o 

O 

O 

o 

o 

O  O  O 

O 

o 

o 

o 

o  o 

o 

o 

o 

o 

O 

o 

o 

o 

q 

O 

o 

U 

Cd 

Cd  Cd  Cd  Cd 

Cd  Cd  Cd 

Cd 

Cd  Cd 

Cd  Cd  Cd  Cd  Cd 

CiQ 

Cd 

Cd  Cd 

Cd  Cd  Cd 

Cd  Cd  Cd 

Cd 

Cd 

Cd 

Cd  Cd 

CO 

O 

rH 

(N 

05 

ID 

CD 

05 

ID 

CO 

ID  ID  05 

tv 

<N 

ID 

1— I  05 

ID 

pH 

o 

O 

pH 

CD 

CO 

CD 

(N 

pH 

CD 

q 

q 

N 

q 

00 

N 

00 

(N 

^H 

q 

q 

tv  M  00 

tv 

tv 

pH 

00 

q  q 

q 

pH 

tv 

CD 

pH 

pH 

pH 

q 

N 

pH 

pH 

cb 

eb 

cb 

CD 

oci 

pH 

pH 

^  (N  (N  CO 

cb 

N 

^H  pH 

pH 

<N 

<N 

cb 

lb 

N 

(35 

pH 

pH 

pH 

CD 

CD 

ID 

ID 

ID 

ID 

ID 

ID 

ID 

ID 

ID 

Tf  Tf  Tj< 

rj* 

CO 

CO  CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

(N 

(N 

O 

q 

O  O 

o  o 

o 

o 

O 

O 

O  O 

q  q  q  q 

o 

o 

O 

q  q 

o 

O 

o 

o 

o 

o 

o 

o 

o 

O 

O 

u 

(d 

Cd  Cd  Cd  Cd 

Cd  Cd  Cd 

Cd 

Cd  Cd 

Cd  Cd  Cd  Cd 

Cd 

Cd 

Cd 

Cd  Cd 

Cd  Cd  q 

Cd  U  Cd 

Cd 

Cd 

Cd 

Cd  Cd 

C5I 

ID 

05 

pH 

ID 

CD 

CD 

CO 

CO 

CO 

o 

<N  CO  CO 

CO 

(35 

(35 

O 

O  ID 

(N 

o 

pH 

00 

tv 

't 

00 

CD 

05 

(N 

rH 

o  CO 

00  CO 

O 

05 

pH 

CO 

ID 

pH 

Tf  q  q 

O 

00 

q 

q  q 

q 

N 

q 

00  ID  ID 

00 

pH 

q 

CD 

00 

rH 

pH 

pH 

(N 

CO  CO  ID 

cb 

00 

pH 

1— 1  --H  cb 

cb 

cb 

cb 

ob  < 

pH 

pH 

cb 

(N 

CO 

lb 

tv' 

05 

pH 

^H 

CD 

CD 

CD 

CD  ID  ID 

ID 

ID 

ID 

ID 

ID  ID 

m  tj*  t}< 

T)* 

H* 

^  Tl< 

CO  CO 

CO 

CO  CO 

CO 

CO 

CO 

CO 

CO 

O 

O 

O 

O 

o 

O 

O 

O 

O 

o 

O  O 

q  q  q 

O 

o 

O 

o 

o  o 

o 

o 

o 

o 

o 

O 

o 

o 

O 

o 

o 

Cd 

Cd 

Cd  Cd  Cd  q 

Cd 

Cd  Cd 

Cd  Cd  Cd 

Cd  Cd  Cd 

Cd 

Cd 

Cd 

Cd 

Cd  Cd 

Cd  Cd  Cd 

Cd  Cd  Cd 

Cd 

Cd 

Cd 

Cd  Cd 

(N 

CO 

(N 

(N 

CO  o 

N 

05 

00 

05 

O 

(35 

ID  T}<  o 

ID 

00 

CD  (N 

pH 

tv 

O) 

O 

CO 

o 

CD 

ID 

CO 

«!}< 

CD 

(N 

ID 

(N 

q 

q 

O 

q 

't 

00 

H' 

q  q  q 

q 

CO 

CO 

q 

ID  >-1 

pH 

pH 

q 

pH 

05 

O 

■«}< 

00 

•"t 

lb 

N 

05 

pH 

^H 

cb 

cb 

cb 

lb 

Cb 

05 

cb 

(N 

cb 

lb  tv" 

05 

pH 

pH 

pH 

cb 

cb 

cb 

lb 

cb 

tv" 

<35 

O 

(N 

CO 

ID 

CD 

N 

00 

05 

o 

pH 

(N  CO 

ID 

CO 

tv 

00 

05  O 

pH 

IN 

CO 

ID 

CD 

tv 

oo 

05 

o 

pH 

pH 

»H 

^H  pH  pH 

^H 

pH 

pH 

pH 

^  <N 

(N 

<N 

<N 

(N 

(N 

<N 

<N 

IN 

<N 

CO 

CO 

25 


Table  10.  E^A  B  Ion  Fast  Deflection  Sweep  Geometric  Factors 
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Table  10.  (cont’d)  ESA  B  Ion  Slow  Deflection  Sweep  Geometric  Factors 
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azimuthal  angle  at  the  elevation  angle  where  the  count  maximum  occurred.  Examples  of  the 
counts  versus  angle  plots  for  these  single  angle  scans  are  shown  In  Figures  54  and  55.  The 
angles  given  are  the  angular  position  of  the  ESA  In  the  calibration  facility  coordinate  system. 
From  these  plots,  the  FWHM  was  determined  for  each  zone.  Since  the  Ion  beam  spread  Is 
significantly  less  than  the  expected  angular  resolution  of  the  ESA  In  both  angles,  this  method 
Is  all  that  Is  required  to  determine  the  angular  width.  These  values  were  then  averaged  across 
energy  to  provide  the  angular  width  for  each  zone.  Also,  averages  were  used  Instead  of  Just 
using  the  one  energy  scan  yielding  Gp ,  due  to  the  accumulated  position  loss  In  the  calibration 
tables  after  multiple  scans  had  been  run.  The  angular  widths  for  the  Ion  ESAs  are  given  In 
Table  1 1 .  No  significant  variance  was  seen  In  the  elevation  angle  averages  across  energy  for 
either  ESA.  The  azimuthal  width  of  ESA  B  Ion  zones  was  less  than  predicted  and  less  than  the 
width  of  ESA  A.  However,  the  same  general  trend  In  azimuthal  width  versus  zone  number  Is 
seen  In  both  Ion  ESAs. 


Table  1 1 .  Angular  Width  of  Ion  ESA  Zones  Averaged 
Across  Selected  Energy  Charmels  (degrees) 


ESA  Zone 

Elevation  (P) 

Azimuth  (a) 

AIZO 

8.0 

9.4 

AlZl 

9.6 

9.9 

AIZ2 

9.1 

10.8 

A1Z3 

10.3 

11.2 

AIZ4 

9.1 

11.4 

AIZ5 

8.9 

10.3 

AIZ6 

9.4 

10.7 

AIZ7 

9.6 

10.4 

A1Z8 

9.1 

8.9 

A1Z9 

9.1 

7.2 

BIZO 

9.2 

7.6 

BIZI 

11.3 

9.0 

BIZ2 

10.5 

9.6 

BIZ3 

11.3 

10.1 

B1Z4 

9.5 

9.6 

BIZ5 

8.6 

9.3 

BIZ6 

10.3 

9.4 

BIZ7 

10.0 

8.4 

B1Z8 

10.0 

7.4 

BIZ9 

9.1 

7.7 
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5.  EFFECTS  OF  APERTURE  AND  ANODE  SIZES  ON  DETECTION  CAPABILITIES 


Initial  testing  on  the  ESAs  In  flight  configuration  revecded  an  unacceptable  noise  level 
In  some  of  the  zones.  One  of  the  solutions  to  this  noise  problem  was  the  replacement  of  some 
low  current  zener  diodes  that  had  been  used  to  produce  the  200  V  potential  difference  between 
the  MCPs  and  the  anodes.  These  zener  diodes  were  removed  and  replaced  with  pairs  of  IN  148 
signal  diodes  operating  In  reverse  bias.  This  resulted  In  operation  In  the  microampere  region 
as  required  and  In  a  certain  amount  of  noise  reduction.  Following  the  diode  replacements, 
noise  In  the  various  detectors  persisted.  The  final  solution  to  the  noise  problem  was  a  redesign 
of  the  anode  layout  to  minimize  field  emission  effects  at  the  edges  of  the  MCPs.  See  Table  12 
for  the  as-flown  emode  sizes.  The  anode  redesign  was  checked  to  ascertain  whether  the 
reduction  In  anode  size  would  significantly  alter  the  ESA  geometric  factors. 

The  commonly  held  view  of  channel  electron  multiplier  operation  has  been  that  an 
electron  multiplier  operates  linearly  only  If  Its  output  current  Is  below  or  approximately  at  10 
percent  of  Its  total  strip  current.^  Assuming  an  average  MCP  bias  current  of  42.5  pA.  linear 
output  of  0.1,  and  linear  gain  of  1  x  10®,  and  knowing  that  the  MCP  area  Is  9.5  cm“.  It  Is 
possible  to  obtain  the  estimated  maximum  available  linear  count  rate  over  the  area  of  each 
MCP,  for  an  unapertured  ESA,  using  Eq.  (26).  The  estimated  maximum  linear  flux  per  MCP  Is 
2.792  X  10®  counts/sec/cm^.  Given  that  the  area  of  the  anodes  Is  significantly  less  than  that  of 
the  MCPs,  the  estimated  maximum  linear  count  rate  Is  reduced.  This  estimated  maximum 
anode  output  linear  count  rate  can  be  calculated  for  each  ESA  zone  by  multiplying  each  zone’s 
anode  area  by  2.792  x  10®  counts/sec/cm^.  Performing  this  calculation,  one  obtains  the  values 
listed  In  Table  13. 


Table  12.  ESA  Anode  Areas  (cm^) 


Zone 

Ion  Sensor 

Electron  Sensor 

0 

0.388 

0.242 

1 

0.515 

0.248 

2 

0.515 

0.248 

3 

0.515 

0.248 

4 

0.484 

0.237 

5 

0.484 

0.237 

6 

0.515 

0.248 

7 

0.515 

0.248 

8 

0.515 

0.248 

9 

0.388 

0.242 

(  ^BlasAve  *  ^  Linear  Output  )  /  (  (1-6022  X  10  ’®)  ♦  A^^p  *  Gyngar  1 
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Table  13.  Estimated  Maximum  Linear  Count 
Rate  Output  per  Anode  (counts/sec) 


Zone 

Ion  Sensor 

Electron  Sensor 

0 

1.083  X  10® 

6.755  X  10® 

1 

1.438  X  10® 

6.923  X  10® 

2 

1.438  X  10® 

6.923  X  10® 

3 

1.438  X  10® 

6.923  X  10® 

4 

1.351  X  10® 

6.616  X  10® 

5 

1.351  X  10® 

6.616  X  10® 

6 

1.438  X  10® 

6.923  X  10® 

7 

1.438  X  10® 

6.923  X  10® 

8 

1.438  X  10® 

6.923  X  10® 

9 

1.083  X  10® 

6.755  X  10® 

In  addition  to  the  anode  area,  the  ground  screens  both  on  the  outside  of  the  ESA  and 
In  the  detection  assembly,  and  the  aperture  size  must  be  taken  Into  account  when  determining 
the  upper  limit  on  linear  flux.  As  noted  previously,  the  transmlsslblllty  of  the  external  ground 
screen,  Xi,  Is  90  percent  and  the  detection  assembly  ground  screen  transmlsslblllty,  Xj,  Is  52 
percent.  Eq.  (27)  yields  the  estimated  maximum  linear  flux  measurable  In  each  zone.  Values 
obtained  from  Eq.  (27)  are  listed  In  Table  14. 

/  Maximum  Linear  Flux\  =  j  Maximum  Linear  Count  Rate  )  /  (  Xj  »  x^  *  Aperture  Area  )  (27) 

I  Measured  per  Zone  /  I  at  each  Anode  /  / 

Nominally,  the  linear  counting  threshold  of  the  A1 1  IF  preamplifier  Is  approximately  3.3 
MHz.  However,  the  A1 1  IFs  used  In  SPREE  cannot  approach  that  level  of  Input  due  to  the 
reduction  In  gain  set  for  them.  For  flight,  the  A1 1  IF  gain  settings  were  reduced  to  eliminate 
noise,  making  them  the  limiting  element  In  the  detection  scheme.  The  maximum  count  rates 
for  each  of  the  40  A1 1  IFs  flown  In  the  ESAs  are  listed  In  Table  15.  The  percentages  directly 
below  each  A1 1  IF  threshold  give  the  ratio  of  maximum  A1 1  IF  count  rate  to  the  maximum 
linear  count  rate  output  for  the  corresponding  anode.  Multiplying  the  percentages  In  Table  15 
by  the  maximum  linear  flux  In  each  zone  from  Table  14  yields  the  maximum  linear  flux 
measurable  by  the  A1 1  IFs  In  the  SPREE  ESAs.  (See  Table  16.) 
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Table  14.  Estimated  Maximum  Linear  Flux  Measured  per  Zone  (counts/sec/cm^) 


Zone 


Ion  Sensor 

Electron  Sensor 

ESA  A 

ESAB 

ESA  A 

ESAB 

A,  area  used 

A3  area  used 

Aa  area  used 

Ai  area  used 

8.186  X  10® 

1.178  X  10" 

1.149  X  10® 

1.149  X  10" 

1.087  X  10® 

1.564  X  10" 

1.177  X  10® 

1.177X  10" 

1.087  X  10® 

1.564  X  10" 

1.177  X  10® 

1.177  X  10" 

1.087  X  10® 

1.564  X  10" 

1.177  X  10® 

1.177  X  10" 

1.021  X  10® 

1.469  X  10" 

1.125  X  10® 

1.125  X  10" 

1.021  X  10® 

1.469  X  10" 

1.125  X  10® 

1.125X  10" 

1.087  X  10® 

1.564  X  10" 

1.177  X  10® 

1.177X  10" 

1.087  X  10® 

1.564  X  10" 

1.177  X  10® 

1.177x10" 

1.087  X  10® 

1.564  X  10" 

1.177  X  10® 

1.177X  10" 

8.186  X  10® 

1.178  X  10" 

1.149  X  10® 

1.149  X  10" 

Table  15.  Maximum  A1 1  IF  Count  Rates  (counts/sec) 


Zone 

ESA  A 

Ion  Sensor  Electron  Sensor 

ESAB 

Ion  Sensor  Electron  Sensor 

0 

5.37  X  10® 

4.74  X  10® 

5.12  X  10® 

4.37  X  10® 

50% 

70% 

47% 

65% 

1 

5.24  X  10® 

5.62  X  10® 

5.12  X  10® 

6.12  X  10® 

36% 

81% 

36% 

88% 

2 

5.24  X  10® 

7.24  X  10® 

5.37  X  10® 

5.12  X  10® 

36% 

105% 

37% 

74% 

3 

5.62  X  10® 

4.87  X  10® 

5.12  X  10® 

6.99  X  10® 

39% 

70% 

36% 

101% 

4 

5.12  X  10® 

6.24  X  10® 

5.24  X  10® 

6.49  X  10® 

38% 

94% 

39% 

98% 

5 

5.37  X  10® 

4.74  X  10® 

4.99  X  10® 

5.87  X  10® 

40% 

72% 

37% 

89% 

6 

6.74  X  10® 

4.87  X  10® 

4.99  X  10® 

5.62  X  10® 

47% 

70% 

35% 

81% 

7 

5.99  X  10® 

4.24  X  10® 

5.12  X  10® 

5.37  X  10® 

42% 

61% 

36% 

78% 

8 

5.12  X  10® 

5.37  X  10® 

5.37  X  10® 

3.74  X  10® 

36% 

78% 

37% 

54% 

9 

4.37  X  10® 

6.49  X  10® 

5.12  X  10® 

7.49  X  10® 

40% 

96% 

47% 

1 1 1% 
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Table  16.  Estimated  Maximum  Detectable  Linear  Flux  (counts/sec/cm^) 


Zone 

Ion  Sensor 

Electron  Sensor 

ESA  A 

ESAB 

ESA  A 

ESAB 

Ai  area  used 

Ag  area  used 

Ag  area  used 

Ai  area  used 

0 

4.093  X  10® 

5.537  X  10*® 

8.084  X  10® 

7.469  X  10'® 

1 

3.913  X  10® 

5.630  X  10'® 

9.534  X  10® 

1.036  X  10" 

2 

3.913  X  10® 

5.787  X  10'° 

1.177  X  10® 

8.710  X  10'® 

3 

4.239  X  10® 

7.531  X  10'® 

8.239  X  10® 

1.177X  10" 

4 

3.880  X  10® 

5.729  X  10'® 

1.056  X  10® 

1.103X  10" 

5 

4.084  X  10® 

5.435  X  10'® 

8.100  X  10® 

1.001  X  10" 

6 

5.109  X  10® 

5.474  X  10'° 

8.239  X  10® 

9.534  X  10'® 

4.565  X  10® 

5.630  X  10'® 

7.180  X  10® 

9.181  X  10'® 

3.913  X  10® 

5.789  X  10'® 

9.181  X  10®' 

6.536  X  10'° 

3.274  X  10® 

5.537  X  10'® 

1.103  X  10® 

1.149  X  10" 
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Figure  1.  Electron  Energy  Dependent  Geometric  Factors  for  ESA  A  Zones  1-4  and  5-9 

Plotted  Versus  Energy  for  the  Channel  With  a  Peak  Response  at  Approximately 
87  eV  a)  Zones  1-4;  b)  Zones  5-9 
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Figure  2.  Electron  Energy  Dependent  Geometric  Factors  for  ESA  A  Zones  1-5  and  6-9 

Plotted  Versus  Energy  for  the  Chcinnel  With  a  Peak  Response  at  Approximately 
138  eV  a)  Zones  1-5;  b)  Zones  6-9 


34 


G(E)  (cin**2  -  stcr)  G(E)  (an**2  -  ster) 


(cm»»2-ster)  G{E)  (cm»»2.stcr) 


lergy  Dependent  Geometric  Factors 
Eiectron  Zones  1-4;  Ep  =  269  eV 


A 

#*+ 

* 

* 

f 

f 

ir 

f 

* 

/ 

/ 

f 

/ 

f 

1 

f 

/ 

/ 

f 

1 

r 

1 

1 

1 

I 

1 

1 

r 

1 

1 

1 

I 

1 

•f 

1 

1 

1 

1 

1 

1 

f 

1 

i 

1 

1 

.  f 

1 

'  I 

4.  4- 

1 

1 

* 

lerey  Dependent  Geometric  Factors 
KAA  Electron  Zones  5*9;  Ep  s  269  eV 


Zone6:241-277eV 


Zone  7;  24 1-277  eV 


Figure  3.  (cont.)  Electron  Energy  Dependent  Geometric  Factors  for  ESA  A  Zones  1-4 
and  5-9  Plotted  Versus  Energy  for  the  Channel  With  a  Peak  Response  at 
Approximately  270  eV  c)  Zones  1-4;  d)  Zones  5-9 
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Figure  6.  Electron  Energy  Dependent  Geometric  Factors  for  ESA  A  Zones  1-6  and  6-9 

Plotted  Versus  Energy  for  the  Channel  With  a  Peak  Response  at  Approximately 
1040  eV  a)  Zones  1-6;  b)  Zones  6-9 
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Figure  7.  Electron  Energy  Dependent  Geometric  Factors  for  ESA  A  Zones  1-5  and  6-9 

Plotted  Versus  Energy  for  the  Channel  With  a  Peak  Response  at  Approximately 
2040  eV  a)  Zones  1-5;  b)  Zones  6-9 
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Figure  11.  Electron  Energy  Dependent  Geometric  Factors  for  ESA  B  Zones  0-4  and  6-9 
Plotted  Versus  Energy  for  the  Channel  With  a  Peak  Response  at  275  eV 
a)  Zones  0-4;  b)  Zones  6-9 
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Figure  1 1 .  (cont.)  Electron  Energy  Dependent  Geometric  Factors  for  ESA  B  Zones  0-4 
and  6-9  Plotted  Versus  Energy  for  the  Channel  With  a  Peak  Response  at 
275  eV  c)  Zones  0-4;  d)  Zones  6-9 
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Figure  12.  Electron  Energy  Dependent  Geometric  Factors  for  ESA  B  Zones  0-4  and  5-9 
Plotted  Versus  Energy  for  the  Channel  With  a  Peak  Response  at  440  eV 
a)  Zones  0-4;  b)  Zones  5-9 
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FIgue  13.  Electron  Energy  Dependent  Geometric  Factors  for  ESA  B  Zones  0-4  and  6-9 
Plotted  Versus  Energy  for  the  Channel  With  a  Peak  Response  at  682  eV 
a)  Zones  0-4;  b)  Zones  6-9 
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Figure  14.  Electron  Energy  Dependent  Geometric  Factors  for  ESA  B  Zones  0-4  and  5-9 
Plotted  Versus  Energy  for  the  Channel  With  a  Peak  Response  at  1070  eV 
a)  Zones  0-4;  b)  Zones  5-9 
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Figure  15.  Electron  Energy  Dependent  Geometric  Factors  for  ESA  B  Zones  0-4  and  5-9 
Plotted  Versus  Energy  for  the  Channel  With  a  Peak  Response  at  2100  eV 
a)  Zones  0-4;  b)  Zones  5-9 
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Figure  16.  Electron  Energy  Dependent  Geometric  Factors  for  ESA  B  Zones  0-4  and  6-9 
Plotted  Versus  Energy  for  the  Channel  With  a  Peak  Response  at  4050  eV 
a)  Zones  0-4;  b)  Zones  6-9 
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Figure  18.  Electron  Energy  Dependent  Geometric  Factors  for  ESA  B  Zones  0-4  and  6-9 
Plotted  Versus  Energy  for  the  Chaimel  With  a  Peak  Response  at  10000  eV 
a)  Zones  0-4;  b)  Zons  6-9 
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Figure  19.  Normalized  Electron  Energy  Dependent  Geometric  Factors  Plotted  vs. 

Normalized  Energy  for  ESA  A  Zones  1-4  and  5-9  for  the  Channel  With 
a  Peaik  Response  at  269  eV  a)  Zones  1-4;  b)  Zones  5-9 
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Figure  20.  Normalized  Electron  Energy  Dependent  Geometric  Factors  Plotted  vs. 

Normalized  Energy  for  ESA  A  Zones  1-5  and  6-7  and  8-9  for  the  Channel 
With  a  Peak  Response  at  1030  eV  a)  Zones  1-5;  b)  Zones  6-7;  c)  Zones  8-9 
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Figure  21.  Normalized  Electron  Energy  Dependent  Geometric  Factors  Plotted  vs. 

Normalized  Energy  for  E^A  B  Zones  0,  1,2,  6,  7,  and  9  for  the  Channel 
With  a  Peak  Response  at  275  eV 
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Figure  22.  Normalized  Electron  Energy  Dependent  Geometric  Factors  Plotted  vs. 

Normalized  Energy  for  ESA  B  Zones  1-4  for  the  Channel  With  a  Peak 
Response  at  1070  eV 
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23.  Normalized  Electron  Energy  Dependent  Geometric  Factors  Plotted  vs. 
Normalized  Energy  for  ESA  A.  Electron  Zone  5  for  the  Channels  With 
a  Peak  Response  at  134,  269.  660,  1040,  and  3956  eV 


E/Ep 


Figure  24.  Normalized  Electron  Energy  Dependent  Geometric  Factors  Plotted  vs. 

Normalized  Energy  for  ESA  B,  Electron  Zones  4  for  the  Channels  With 
a  Peak  Response  at  141,  275,  682,  1070,  and  4100  eV 


56 


Function  of  theta  ^  Function  of  theta 


Z<Nie  Nun^xr 


25.  f(0),  the  ESA  A  Normalized  Electron  Energy  Independent  Geometric 
Factor  Averaged  Over  all  Calibrated  Energy  Channels  Plotted 
Versus  Zone  Number 
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Figure  26.  f(0),  the  ESA  B  Normeillzed  Electron  Energy  Independent  Geometric 
Factor  Averaged  Over  all  Calibrated  Energy  Channels  Plotted 
Versus  Zone  Number 
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Figure  27.  Normalized  Electron  Energy  Dependent  Geometric  Factors  Plotted  vs. 

Normalized  Energy  for  ESA  A  Zones  5  for  Pre-flight  and  Post-flight 
Data  Taken  for  the  Channel  With  a  Peak  Response  at  1040  eV 
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Figure  28.  ESA  A  Peak  Electron  Energy  Dependent  Geometric  Factors  Plotted 
as  a  Function  of  Energy  a)  Zones  1  -4;  b)  Zones  5-9 
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Figure  32.  Central  Energy  of  the  ESA  A  Electron  Channels  Plotted  Versus  Channel  Number 
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Figure  33.  Central  Energy  of  the  ESA  B  Electron  Channels  Plotted  Versus  Channel  Number 
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Figure  34.  Counts  Versus  Elevation  Angle  for  ESA  A  Electron  Zones  1-9,  for  the  Energy 

Channel  with  a  Peak  Response  at  269  eV.  a)  Zones  1-4;  b)  Zones  4-9  The  Data 
are  for  a  Fixed  Elevation  Angle  Within  the  Angular  Scan  at  269  eV  at  a  Fixed 
Azimuth  Angle  Such  That  the  Elevation  Plot  Includes  the  Maximum  Counts  In 
the  Scan. 
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Figure  35.  Counts  Versus  Azimuthal  Angle  for  ESA  A  Electron  Zones  1-9  for  the  Energy 

Channel  With  a  Peak  Response  at  269  eV.  a)  Zones  1-4;  b)  Zones  5-9  The  Data 
are  for  a  Fixed  Elevation  Angle  Within  the  Angular  Scan  at  269  eV  at  a  Fixed 
Elevation  Angle  Such  That  the  Azimuth  Plot  Includes  the  Maximum  Counts  in 
the  Scan 
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Figure  37.  Ion  Energy  Dependent  Geometric  Factors  for  ESA  A  Zones  0-9  Plotted  Versus 
Energy  for  the  Energy  Channel  With  a  Peak  Response  at  430  eV 
a)  Zones  0-4;  b)  Zones  5-9 
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Figure  40.  Ion  Energy  Dependent  Geometric  Factors  for  ESA  B  Zones  0-9  Plotted  Versus 
Energy  for  the  Energy  Channel  with  a  Peak  Response  at  48  eV 
a)  Zones  0-4;  b)  Zones  5-9 
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Figure  41.  Ion  Energy  Dependent  Geometric  Factors  for  ESA  B  Zones  0-9  Plotted  Versus 
Energy  for  the  Energy  Channel  With  a  Peak  Response  at  210  eV 
a)  Zones  0-4;  b)  Zones  5-9 


70 


G(E)  (cm»*2-ster)  G(E)  (cin»*2  -  ster) 


Energy  De^ndent  Geometric  Factors 
ESA  B  Ion  ^oes  0-4,  Cent.  Energy  665eV 


Energy  Dependent  Geometric  Factors 
ESA  B  Ion  i^oes  5*9,  Cent  Energy  665eV 


Energy  (eV) 


Figure  42.  Ion  Energy  Dependent  Geometric  Factors  for  ESA  B  Zones  0-9  Plotted  Versus 
Energy  for  the  Energy  Channel  With  a  Peak  Response  at  665  eV 
a)  Zones  0-4;  b)  Zones  5-9 
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Figure  43.  Ion  Energy  Dependent  Geometric  Factors  for  ESA  B  Zones  0-9  Plotted  Versus 
Energy  for  the  Energy  Channel  With  a  Peak  Response  at  6200  eV 
a)  Zones  0-4;  b)  Zones  5-7;  c)  Zones  8  and  9 
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Figure  44.  Normalized  Ion  Energy  Dependent  Geometric  Factors  Plotted  vs. 

Normalized  Energy  for  ESA  A,  Ion  Zone  4  for  the  Energy  Channels  With 
a  Peak  Response  at  Energies  of  140,  430,  1040,  and  6200  eV 
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Figure  46.  f{0).  the  ESA  A  Normalized  Ion  Energy  Independent  Geometric  Factor 
Averaged  Over  all  Calibrated  Energy  Channels  Plotted  Versus 
Zone  Number 
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Figure  47.  f(0),  the  ESA  B  Normalized  Ion  Energy  Independent  Geometric  Factor 
Averaged  Over  all  Calibrated  Energy  Channels  Plotted  Versus 
Zone  Number 
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Figure  50.  ESA  A  Ion  Detection  Efficiency  Plotted  Versus  Energy 
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Figure  51.  ESA  B  Ion  Detection  Efficiency  Plotted  Versus  Energy 
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Figure  52.  Central  Energy  of  the  ESA  A  Ion  Channels  Plotted  Versus  Channel  Number 
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Figure  53.  Central  Energy  of  the  ESA  B  Ion  Channels  Plotted  Versus  Channel  Number 
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Figure  54.  Counts  Versus  Elevation  Angle  for  ESA  A  Ion  Zones  1-4  and  ESA  B  Ion  Zones 
0-4,  for  the  Energy  Channel  With  Peak  Response  at  -6  keV.  a)  Zones  1-4; 
b)  Zones  0-4  The  Data  are  for  a  Fixed  Azimuth  Angle  Within  the  Angular  Scan 
Such  That  the  Elevation  Plot  Includes  the  Point  of  Maximum  Count  Rate 
in  the  Scan. 
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Figure  55.  Counts  Versus  Azimuthal  Angle  fo 
Zones  0-4,  for  the  Energy  Channe 
0-4;  b)  Zones  0-4  The  Data  are  foi 
Angular  Scan  Such  That  the  Azim 
Count  Rate  in  the  Scan. 
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